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The C h a i r m a n  : I  have g rea t pleasure in in troducing Mr. 

Cook, of the Parsons M arine Steam Turbine Company, L td ., 
to you this evening. I  am sure you will nil be very m uch 
in terested  in the subject m atter of his paper, especially as 
regards the com parative data he has prepared, re la tin g  to the 
steam  turbine installa tion  versus other methods of propulsion.

Mr. C o o k  : S e c t i o n  1 .
I t  is noteworthy th a t most of the papers which have been 

devoted in  recent years to subjects re la ting  to power produc
tion, w hether for service on land or for the propulsion of 
vessels, have had for th e ir keynote the question of therm al 
efficiency, which indicates th a t at the present tim e every avenue 
is being explored th a t promises to lead to im provem ent of 
efficiency.

Developments in land installations of steam turbines for the 
generation of electric power have b rought into prominence 
the value of securing, by im provem ent in  practice, a conver-
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2 HIGH EFFICIENCY STEAM INSTALLATIONS.
sion of heat into m echanical energy on the highest scale of 
efficiency th a t therm odynam ic laws allow. Reference need 
only be made to the paper by the Hon. Sir Charles A. Parsons 
a t the W orld Power Conference, in  which are given the 
therm al efficiencies a ttainable in steam p lan t under prac
tical conditions by the use of high boiler pressures and tem pera
tures, w ith cycles of operation following known therm odynam ic 
principles, and in  which paper it is shown th a t w ith such steam 
plan t therm al efficiencies from  fuel to electricity can be real
ised equal to 30% , and fuel consumptions as low as '45 lbs. of 
oil per B .H .P . hour. In  th a t paper an actual insta lla tion  is 
described of a turbine p lan t of 50,000 K .W . capacity in  which 
results in  the neighbourhood of these figures are expected to be 
obtained.

Such results are made possible w ith m axim um  tem peratures 
w ithin safe values for present-day m aterials, by using known 
practical means of increasing the available energy per pound of 
steam, viz., h igher boiler pressure, increased vacuum, in te r
stage reheating of the steam and cascade feed heating.

A review of the history of the steam turbine in m arine pro
pulsion discloses the fact th a t during the past 20 years there 
has been an increase in overall efficiency of practically  100%, 
made up of improvements in turbine efficiency and propeller 
efficiency principally  through the introduction of gearing be
tween tu rbine and propeller, and an increase of available 
energy of the steam due to the use of superheat.

The use of mechanical gearing has now enabled turbines in 
m arine propulsion to be designed with the m axim um  
efficiency of conversion of the available energy of the 
steam as on land, and following the lead of land tu r 
bines it  is now being sought to realise the considerable im 
provement which is attainable on fu rther increasing the avail
able energy per pound of steam, by the use of higher steam pres
sures and tem peratures and by regenerative heating  of the feed 
water by previously expanded steam.

M any concrete designs for such installations have been 
worked out. Two examples for to tal outputs of 27,000 S .H .P . 
and 13,500 S .H .P . were described in a paper* read by Sir John  
Biles a t the meetings of the In stitu tion  of Naval Architects 
last year, and comparisons made on an economic basis w ith  in 
stallations of other types for the same vessel, p rincipally  w ith 
Diesel Engines, to the advantage of the h igh  efficiency steam tu rb ine  p lant.

* “ Relative Commercial Efficiency of Internal Combustion and Steam Engines for High Speed Passenger Vessels.”
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The most efficient arrangem ent of m arine turbines in  recent 

installations is recognised to be one consisting of three or more 
turbines in  series grouped around a common gear wheel th rough  
which th e ir  power is transm itted  to the propeller shaft. W ith  
th is type of installa tion , the turbines run  a t a h igh  speed of 
rotation and a h igh relative blade speed, and a t the same tim e 
are of m oderate size, easily overhauled and of rig id  construc
tion. Such an arrangem ent has therefore been retained for the 
new designs w ith  the ir g reater range of expansion. F igu re  1 
is an illustra tion  of an arrangem ent of th is type.

Pig. 1.

S e c t io n  2 .

Since economy in the to tal fuel consumption is the u ltim ate 
aim , w hilst the highest efficiency of conversion of heat into 
power is necessary on the part of the m ain engines th a t propel 
the vessel, equal consideration m ust be given to the question of 
aux iliary  m achinery which, w ith  the improvements that have 
been made to reduce the consumption of the m ain m achinery, 
is now responsible in  a complete installa tion  for a very appreci
able percentage of the to tal fuel consumption. W astefu l 
aux iliary  m achinery either th rough unsatisfactory provision in  
the first place or th rough want of care in its m aintenance and 
m anagem ent, has not in frequently  in the past been the cause 
of a poor overall performance, for which the propelling 
m achinery has been blamed.
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Mr. A rchibald G ilchrist has cited* a case of excessive aux i

liary  consumption. He states “  In  another vessel where lack 
of economy was apparent, after the introduction of water- 
meters in order to localise the inefficiency, it  was found th a t the 
auxiliaries were using 44 per cent, of the to tal steam used by 
the m ain engines. A fter these auxiliaries were thoroughly 
overhauled and pu t in good working order, the consumption 
dropped to about 15 per cent, of the steam used by the m ain 
engines.”

The auxiliary  m achinery includes pumps for feeding the 
boilers, a ir  and circu lating  pumps for the condensing p lan t, 
fans for the supply of a ir to the furnaces under forced draught, 
oil pumps for the lubrication of the bearings and g e a rin g ; and 
it  is of v ita l im portance th a t all of these should be entirely  
reliable in  operation. A lthough the power required to drive 
the various pum ps is small, th e ir rate of consumption is usually 
high. In  direct acting pumps for example the steam is used 
non-expansively, and a high efficiency cannot be expected. 
F igure 2 is a typical curve of consumptions per B .II .P . for 
such pumps.

The effect upon the total fuel consumption is not however 
obtained by simple addition of the auxiliary  steam consumption 
to th a t of the m ain turbines. I t  is generally  the 
practice to exhaust the steam of the auxiliary engines 
against a back pressure a few pounds above atmospheric, which 
enables the heat of this steam to be re-utilised for feed heating-. 
The feed heater in fact fulfils the role of a condenser for the 
auxiliary  exhaust steam, w ith th is difference, th a t the cooling 
fluid in th is case being the feed water itself, the heat th a t it 
absorbs is not lost to the system.

In  a ll modern installations as much as possible of th is heat 
is recovered in the feed heater, and it  is sometimes held, be
cause the heat of the auxiliary exhaust steam can be re-utilised 
in th is way for heating  the feed water, th a t the actual cost in 
fuel consumption for driving the auxiliary  m achinery is small. 
This, however, is not a true view of the case, since there are 
two other economical means of supplying the required low grade heat to the feed water.

The first of these has frequently  been employed in  land in 
stallations. A lthough it has no exclusive claim  to the name, it

* Discussion on Paper “ Notes on the Economical Performance of Turbine Installations in J M erchant Ships,” by Mr. T. G. Potts, before the North-East Coast Institution of Engineers and Shipbuilders, 1923.



lias succeeded in being known as the economiser, wbicb is pre
sum ably evidence tb a t it was the first practicable means adopted 
for tlie purpose in  question. In  the economiser the feed water
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is heated by passing through a group of tubes situated in the 
uptake of the boilers over the outside of which the gases of 
combustion flow on th e ir way to the chim ney. Since the heat 
carried away in the chim ney is to a great extent a measure of
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the inefficiency of the boilers, i t  is easiest to appreciate the 
advantage of the economiser by regarding the cold feed w ater 
as a means of cooling the chim ney gases. The economiser is 
not used in  m arine installations, partly  because of the large 
am ount of heat th a t is usually  available for the purpose of 
feed heating  in  the auxiliary  exhaust steam, and partly  on 
account of the large space th a t an economiser would require. 
Even in  land installations, it  is now being recognised th a t a 
better means of cooling the chim ney gases is to utilise th e ir  
heat for pre-heating the a ir supplied to the furnaces. Since 
the quantities and specific heats of the incoming a ir  and the 
outgoing gases are practically  the same, th is arrangem ent can 
be made very nearly  a tru ly  regenerative process.

I t  is not clear, however, th a t the economiser ought to have 
been abandoned. There seems to be room here for a good com
promise. The chief objection against the economiser appears 
to have been the external corrosion of the tubes due to the con
densation of the gases by the cold feed water. This objection 
is removed if  the feed water is first heated to about 200°F. by 
auxiliary  exhaust steam . A com bination of economiser and 
a ir preheater may enable us to extract a still la rger proportion 
of the residual heat of the flue gases. Figure 3 is an illustra
tion of a system arranged on these lines.

The other means of heating  the feed water economically is 
by the use of steam tapped off from the turbines at suitable 
pressures, after having given up a certain  am ount of its energy 
in  the form of work by expansion down to the tem perature at 
which it  is required, and th a t method would be available if 
there were no auxiliary  exhaust steam. I t  will be realised th a t 
the use of auxiliary  exhaust steam for feed heating  is in essence 
an application of th is principle, the difference being th a t on 
account of the inferior efficiency of the auxiliary  m achinery, 
for a given am ount of heat supplied to the feed water, much 
less work is obtained from i t  beforehand than if  it  had been 
tapped off from the m ain turbines.

I t  will therefore be seen th a t it  is by no means a simple 
m atter to assess the true cost in  fuel consumption of driving 
the aux iliary  m achinery.

S e c t io n  3 .

W hile it  is not the purpose of this paper to describe in detail 
the auxiliaries which are essential for the efficient operation of 
the propelling m achinery and the service of the ship under
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8 HIGH EFFICIENCY STEAM INSTALLATIONS.
voyage conditions, but merely to determine the addition which 
they make to the fuel consumption, it  will assist towards this 
end to enum erate briefly the various components w ith atten tion  
to the conditions which bear upon the subject of th is enquiry.

F irs t in  order of im portance is the boiler feed pum p. 
A lthough treated  as an auxiliary  it is an indispensable p a rt of 
the heat engine, in  tha t, along w ith the a ir pum p, it  completes 
the steam cycle by raising  the condensed steam to boiler pres
sure. In  a large installation i t  is operated under float control 
so as to keep the water in the boilers a t a constant level. For 
the  sake of sim plicity of control and reliab ility  of operation, 
the  slow direct-acting vertical type of pump is usually pre
ferred. The relative diam eters of steam pistons and plunger 
are such th a t the pum p can work easily against the boiler pres
sure. The water pressure and the steam pressure are therefore 
in ter-related  and excessive pressure in  the pump barrel cannot 
under any circumstances be reached. Admission of steam to 
the  steam cylinder continues nearly  to the end of the stroke, 
so th a t th is engine works practically  non-expansively. The 
available energy per lb. of steam is little  more than half 
of what it would be w ith adiabatic expansion ; and if we allow 
for condensation and mechanical losses the best result th a t 
can be expected w ith a steam pressure say of 200 lbs. per square 
inch and back pressure 10 lbs. gauge, is a consumption of about 
45 lbs. per B .H .P . The exhaust steam from this pump is avail
able for feed heating.

N ext in order of im portance is the a ir pum p. Inasm uch as 
a portion of its work is to pump the condensate up to the feed 
tank , it is, as regards the condensate, also a part of the heat 
engine. I t  has also to remove the a ir from the condenser, 
which if a good vacuum is to be m aintained in close correspon
dence w ith the vapour pressure of the condensate can only be 
done by w ithdraw ing along w ith the a ir a large proportion of 
vapour. The volum etric capacity of the air pump is therefore 
usually  m any tim es th a t of the volume of condensate to be 
extracted, and the air pump regarded m erely as a condensate 
pum p has but a low efficiency. Some care is required at the 
hands of the engineers to m aintain the air pump runn ing  a t the 
best revolutions, h igh enough to m aintain  the vacuum , bu t 
avoiding excessive speed which would involve waste of steam.

In  modern plants the extraction of a ir w ith its inevitable 
accompanim ent of vapour is performed either by a vacuum 
augm entor working in  series w ith the a ir pum p, or by an
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independent set of ejectors in  series, and in  the la tte r  case a 
ro tary  pum p m ay he employed for the extraction  of the con
densate.

The steam engine operating the a ir pum p is usually  also of 
the d irect-acting  type, and involves a large rate of consumption 
per B .H .P ., b u t the B .H .P . is difficult to assess, since in  this 
case it depends upon the volum etric capacity of the pum p 
ra th e r than  upon the duty  it  has to perform.

The c ircu la ting  pum p has the simple duty of pum ping a cer
ta in  quan tity  of cooling w ater against a head, which depends 
chiefly upon the resistance of the condenser tubes and c ircu lat
ing  pipes, and which in a modern cargo vessel is of the order 
of 15ft. This pump is usually driven either by a simple engine 
w ith  about 65% cut off, or by a compound engine. The la tte r 
is of course the more economical. I f  it is desired to utilise the 
exhaust steam  for feed heating , i t  is allowed to exhaust against 
a back pressure, but where sufficient exhaust steam is available 
otherwise for feed heating, the circu lating  pump engine may 
be best arranged to exhaust to a vacuum . Care m ust be exer
cised by the engineer to avoid runn ing  this pum p a t too h igh 
a speed, since its power and therefore the steam consumed, will 
rise p ractically  as the cube of the speed.

Fans are necessary for the supply of a ir  to the boiler fu r
naces, under a sligh t pressure. These too, may be driven by 
compound engines, exhausting  either against a back pressure 
or to vacuum . T heir duty  in  a ir horse power is easily calcu
lated from  the quan tity  of a ir required for the furnaces, and 
the a ir  pressure a t the fan. I t  is im portan t th a t c ircu lating  
pum ps and fans should be designed as nearly  as possible for the 
conditions under which they are to be employed, th a t tlieir 
ou tpu t characteristic m ay be a t the point of m axim um  effi
ciency.

Another indispensable accessory is the oil pum p, for supply
ing  lubrication  to the bearings. Such pum ps have to work 
against a considerable head, in order to be able to force the oil 
th rough  the oil coolers and still leave a good pressure of supply 
to the various bearings. The head provided for is usually  
about 50 lbs. per square inch, and for a geared tu rbine insta lla
tion the quan tity  of oil required to be circulated is roughly 
speaking two gallons per hour per S .H .P . These also are direct- 
acting  steam  pumps, and being small they have a steam con
sum ption not less th an  about 60 lbs. per B .H .P .
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In  an oil burn ing  installation  there is also required a pum p 

for the supply of oil fuel to the burners a t the requisite pressure, 
and in  a coal burn ing  ship an ash hoist or ash ejector. These 
require to be supplied w ith a small am ount of steam.

A steering engine, electric lig h t engine, bilge, sanitary  and 
general service pumps working as required are necessary for 
the service of the ship, and the steam th a t has to be 
supplied is included in  the auxiliary  consumption. The 
am ount of th is additional steam can only be based on service 
experience.

A certain am ount of steam is continually  being lost to the 
system through leakage of various sorts, and this m ust be in 
cluded in the total consumption. F u rth e r, this implies a corre
sponding loss of feed water, which m ust be replaced from the 
reserve fresh water or by the d istillation  of sea water. The 
la tte r  involves an expenditure of steam from 1-25 times to 
twice the am ount of water distilled, which expenditure must 
also be included in  the to tal consumption. The steam thus 
used for evaporation is condensed in the evaporator coil and 
returned to the system as hot-water, whilst the distillate can 
be condensed either separately or in the feed heater.

S e c t io n  4 .
For reliable data as to the consumption of the most im portant 

auxiliaries, reference may be made to a paper by Mr. T. G. 
Potts*, read before the N orth-E ast Coast In s titu tion  of E n g i
neers and Shipbuilders in 1923, describing measurements which 
were made on sea tria ls , using m easuring tanks w ith a water 
m eter in addition for the main condensate and a second sm aller 
water m eter for the condensate of the auxiliary  steam. These 
measurements were made at varying output of the m ain engines, 
during  the contractors’ tria ls, and measurements continued with 
w ater meters during subsequent voyages of the vessel, over a 
total distance of 50,000 miles.

A sm aller m eter was subsequently installed to measure small 
quantities of condensate from the winch condenser, so th a t the 
consumption of any auxiliary  engine which could be separately 
exhausted to the winch condenser could be measured at any 
tim e. In  the vessel in question this has proved a valuable 
means of locating losses, and has enabled im portant im prove
ments to be made.

* S e e  p r e v io u s  r e f e r e n c e



HIGH EFFICIENCY STEAM INSTALLATIONS. 11
F igure  4 shows the arrangem ents adopted for m aking these 

w ater measurements.
To measure the m ain condensate llie a ir pump discharged 

th rough a w ater m eter to a tem porary drain  tank from  which 
one of the m ain feed pumps pum ped it up into the m easuring 
tanks. The measured w ater was drained away to the feed 
pum p float tank from which it was pum ped to the boiler by the 
o ther feed pum p.

The auxiliary  exhaust steam was condensed either in  the 
surface feed heater or in the winch condenser and the drains 
from  the feed heaters, winch condenser, oil separator, cabin 
heating, etc., were led to the auxiliary  filter tank  and from 
there through a w ater m eter into the feed pum p float tank.

W hen tak ing  tank measurements of the auxiliary  condensate, 
the m ain condensate was pumped through its w ater m eter direct 
to the float tank and the aux iliary  condensate after passing 
through its w ater m eter was discharged to the tem porary drain  
tank  from which it was pum ped up to the m easuring tanks and 
drained down to the float tank to jo in  the m ain condensate.

By leading both main and auxiliary  condensate to the tem 
porary drain  tank, a m easurem ent could be made of the total 
consumption.

I t  will be seen therefore th a t by this system of connections 
the m ain steam and the auxiliary  steam were separately 
measured all the tim e by the ir w ater m eters, and a tank m easure
m ent could be made of either or of both at any tim e.

: MilI t  is only such m easurem ents th a t can give the required in 
form ation. M easurements of the consum ption of the aux i
liaries in port can only be made under artificial conditions, and 
it is difficult to make these im itate the exact conditions when on 
service. A t the same tim e it m ust be recognised the auxiliary  
consum ption per S .H .P . on one vessel under service conditions 
m ay not apply to another, and it  is therefore necessary to make 
a careful analysis of the figures.

U sing as a guide the  results of m akers’ tria ls, from which 
can be acertained the consumption in  pounds of steam  per hour 
per A .H .P . or W .H .P . of each auxiliary  engine, an attem pt 
has been made in Table I . to do this for the vessel described by 
Mr. Potts.



Fig. 4.—P lan  View of W ater M easuring Tanks and  Pipes.
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Table 1.— B .H .P . and steam consumption of auxiliary  

m achinery for a geared turbine cargo steamer of 3,230 S .H .P .
W ater E stim ated  con-H .P- or sum ption lbs.

Duty. A ir H.P. B .H .P . per hour.
Air pum p.,. 29,000 lbs./hr. 

condensate
— 5 350

Ejector — — 150
Circ-pump 2,700 galls./m in . .. 

a t 15ft. head
1 24 18 882 ■

Feed pum p 32,600 lbs./h r. 
feed 200 lbs. b p.

7 '5 9 540

F an s ................. 20,000 c .ft./m in . .. 
a t 2" W.G.

6'4 11 580

Oil Pum p................ 6,500 galls./hr. 
a t 50 lbs.

3 ’8 4*5 330
'Steering Engine ... — — 450
Electric L ight ... 2J K .W ...................... — 3 ’25 135

3 4 1 5

*The consum ption of the steering  engine is ascerta ined  from m easurem ents m ade w ith  th e  sm all m eter on th e  w inch condenser condensate, referred  to above.
As a confirmation of tbe general accuracy of th is estim ate, 

th e  to tal consumption for these auxiliaries ascertained by water 
m eter as described above was 3,450 lbs. per hour.

The auxiliaries were supplied w ith steam at 100 lbs. pressure, 
100°F. superheat and exhausted against a back pressure of
10 lbs. gauge.

W h en the whole of the auxiliary  exhaust steam can be con
densed in  the feed heater, it is possible to estim ate the am ount 
of the form er by the rise in tem perature of the feed w ater in  
passage th rough  the heater, provided of course th a t the quan
tity  of feed w ater is known. W here neither m easuring tanks 
nor meters are fitted, th is can always be ascertained approxi
m ately by means of an in teg ra ting  counter on the feed pum p 
strokes. Such an estim ate of the auxiliary  consum ption how
ever has to assume a value for the to tal heat per pound in the 
exhaust steam, which theoretically  should correspond w ith the 
heat in  the steam supplied to the aux iliary  engines less the 
heat equivalent of the outpu t of these engines, w ith  due allow
ance for radiation  and mechanical losses, bu t actually  where 
m easurem ents have been made is found to be considerably less, 
and of somewhat uncerta in  value. This method cannot there
fore be considered to afford more than  a rough estim ate.

In  twin screw vessels where tanks or water m eter are provided 
for the separate m easurem ents of the condensate on each side,
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a good determ ination can be made by exhausting all tlie auxi
liary  steam into one condenser for the first ha lf of the tria l, and 
into the other for the second half. This method is frequently 
adopted in naval vessels.

S e c t io n  5 .
On the same basis as in Table I . ,  a sum m ary has been pre

pared of the estim ated consumptions for the auxiliary  p lan t of 
a 5,000 S .H .P . installation  w ith high efficiency turbines

Four different methods of driving the auxiliaries have been 
considered : —

1. E n tire ly  by steam.
2. By electric motors, w ith current supplied from turbo

generators.
3 . By electric motors, w ith curren t supplied from Diesel- 

generators.
4. M echanically from the m ain engines, w ith the provision 

of suitable “  standby’s.”
This sum m ary is given in Table I I .
W ith  a boiler pressure of 500 lbs. per square inch, superheat 

to a tem perature of 700°F. and a condenser vacuum of 29 inches 
of m ercury, the steam consumption of the m ain turbines is 
estim ated a t 7-2 lbs. per S .H .P . hour. The consumption and 
duties of the various auxiliaries have been based accordingly 
on a condensate of 36,000 lbs. per hour.

A uxiliary  exhaust steam  at a pressure of 10 lbs. above atmos
pheric is utilised for heating  the feed water up to 215°F. 
W here the auxiliary  steam is insufficient for th is purpose, the 
additional steam required is taken from the L .P . turbine steam 
belt. The feed water is fu rther heated to a tem perature of 
310°F. by steam withdraw n from the I .P . turbine a t a pressure 
of 110 lbs. per square inch absolute.

In  proposal (1) the steam consumption of the aiixiliaries in 
cluding the ejector steam, the make-up feed and the steam  used 
for the evaporator is 8,960 lbs. per hour. Of th is 1,500 lbs. is 
condensed in  the evaporator coil, and 250 lbs. in  the oil fuel 
heater, leaving 7,210 lbs. available for feed heating. To heat 
the rem ainder of the feed water from 70° to 215°F. requires 
5,800 lbs. of steam, leaving 1,410 lbs. unutilised, which may 
either go to the winch condenser or be led to the low-pressure 
turbine.
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A i r  pump 36 .0 00  l b a / n r . c o n d e n s a t e . 29* Vacuim 
60* S e a .

7 450

A i r  E je c to r 200 200 200

C i r c u l a t i n g  pump
( Compound E n g in e )

4 ,7 0 0  g a l l o n s  p e r  a l n u t e .1 5  f t .b e a d 2 1 .5 31 1200

U a ln  B o i l e r  re c ti 4 4 ,9 6 0  l b s / h r .  500 l b s / s q .  in c b  
p r o a s u r e .  700* 1 .

2 6 .5 31 1600

?oro*<J D ra u g h t T ans 25,0 00  c u b . f t / & l n . a t  3 * w.O. 12 20 860

Vor-cO L u b r i c a t i o n
ram p

1 0,000  g a l l o u s / b r .  50 l b g / s q . l n .  
p r e s s u r e

6 7 450

O il  t fu e l pump 3 ,4 0 0  l b s . o f  o i l / n r .  200 l b # / e q . l n .  
p r e s s u r e .

1 200

8 t s a r l u g  B ag la* (3 0  B .H .P .M o to r ) e 750

l l e o t r l c  U g n t  f i ig ln c  
< Com pound)

10 500

l l l g e ,  S a n i t a r y  A f la o e ra l  
S e r v lo e  pu n p a

3 .5 250

M axa-up  f e e d 1000 1000 900

E v a p o r a to r 1500 1500 1550

1 1 8 .5 6960 2700 2450

S t e a a  t o  T u r b o - g e n e r a to r 110 K . l .  ( a t  45 1b e .p a r  K .w .n o u r ) 4950

t o t a l  A u x i l i a r y
C o n su m p tio n .

£960 7650 2450

C ondensed  I n  E v a p o r a to r
C o l l .

1500 1500 135*

C oiidonsed  i n  O i l  f u e l  
n e a t e r .

250 250 « D

A v a l l a b i a  f o r  f e e d  
b e a t i n g * .---- - . 7210 5900 850
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The total steam consumption for all purposes is therefore- 

in th is case 44,960 lbs. per hour, or 8-99 lbs. per S .H .P . hour.
W ith  a feed water tem perature of 215°F, 13-2 lbs. of steam 

at 500 lbs. per square inch and T00°F. can be generated for 
each lb. of oil consumed in  the boiler furnace. This figure is 
based on a calorific value of 18,500 B .T h.U . per lb. and a boiler 
efficiency of 84%, which can be attained w ith efficient pre-heat
ing of the furnace air.

On this basis a steam consumption for all purposes of 8-99' 
lbs. per S .H .P . hour corresponds to an oil fuel consumption of 
•681 lbs. per S .H .P . hour.

By utilis ing , however, steam tapped off from the turbines to 
raise the feed tem perature to 310°F, whilst slightly  more steam 
is required, th is is generated a t a h igher evaporative rate and 
the oil consumption per S .H .P . is reduced to -667 lbs.

The total brake horse-power required for the auxiliary  
m achinery as enum erated in  Table I I .  is 118-5, and in pro
posals 2 and 3 this power is supplied by electric motors, absorb
ing w ith a reasonable allowance for motor and transmission 
losses, 110 K .W . of electric power.

In  proposal 2 the 110 K .W . are supplied by turbo-generators 
tak ing  steam at the same pressure and tem perature as the m ain 
turbines, bu t exhausting to a back pressure of 10 lbs. above- 
atmospliere. At a consumption of 45 lbs. per K .W . they re
quire 4,950 lbs. of steam per hour.

W ith  the same supply of steam as before for ejectors, make-up- 
feed and evaporator, viz., 2,700 lbs. the to tal auxiliary  con
sum ption in th is arrangem ent is therefore 7,650 lbs. per hour, 
g iv ing  a total consumption all purposes of 43,650 lbs. per hour, 
or 8-73 lbs. per S .H .P . hour.

In  this second proposal with 1,500 lbs. per hour condensed in 
the evaporator coil, and 250 lbs. in  the oil fuel heater, there- 
rem ains 5,900 lbs. per hour of auxiliary  exhaust steam which is 
sufficient to heat the feed water to 215°F.

The steam consumption of 8-73 lbs. per S .H .P . hour all p u r
poses then corresponds to an oil fuel consumption of -662 lbs. 
per S .H .P . hour, on the same basis of boiler efficiency, etc., 
which is fu rther reduced to -648lbs. per S .H .P . hour by using- 
tapped otf steam to heat the feed water to 310°F.

In  proposal 3, the 110 K .W . required for the motors is sup
plied by Diesel generators.
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The additional steam for ejectors, make-up feed and evapo

rators is in  th is  case 2,450 lbs. per hour w ith  only 850 lbs. per 
hour available for feed heating. Since however in this case 
4,950 lbs. per hour is required to heat the feed to 215°F., this 
850 lbs. m ust be supplem ented by 4,100 lbs. of steam tapped off 
from  the low pressure tu rbine belt, a t the expense of a reduction 
of the power developed in th a t turbine by 285 S .H .P .

A t a consumption of -75 lbs. of oil per K .W . the Diesel 
generators consume 82-5 lbs. of oil per hour, which at an eva
porative rate  of 13-2 lbs. per lb. of oil is equivalent to 1,090 lbs. 
steam  per hour.

So th a t finally for th is proposal 4,715 S .H .P . are obtained 
for a to tal equivalent consumption of 39,540 lbs. of steam for 
all purposes, or a t the ra te  of 8-39 lbs. per S .H .P .

The corresponding oil consumption is -635 lbs. per S .H .P . 
hour w ith feed tem perature at 215°F, and -62 lb . w ith  a feed 
tem perature of 310F. using steam tapped off from  the turbines.

In  proposal 4 the 118-5 B .H .P . required for the auxiliary  
m achinery is assumed supplied m echanically from  the m ain 
turbines. W ith  allowance for mechanical losses, i t  has been 
assumed th a t the outpu t of the m ain turbines w ill thereby be 
reduced 132 S .H .P . As in proposal 3, it  will also be necessary 
to bleed 4,100 lbs. of steam from  the L .P . tu rbine for feed heat
ing , involving a loss as before of 285 S .H .P . So th a t under 
this arrangem ent we have as the cost of supplying the aux i
liaries, steam  consumption increased by 2,450 lbs. per hour and 
outpu t reduced by 417 S .H .P . or a to tal consumption of 38,450 
lbs. per hour for an outpu t of 4,583 S .H .P ., or 8-39 lbs. per 
S .H .P .

Th is is the same as for proposal 3, and the oil fuel consumed 
per S .H .P . is therefore also the same as for proposal 3.

The calculations leading to these results are given in tabu lar 
form in Table I I I .

Sum m arised they are as follow s: —
F or proposal 1, w ith steam  driven auxiliaries, -667 lbs. oil 

per S .H .P . hou r;
For proposal 2, w ith motor driven auxiliaries and turbo 

generators, '048;
For proposal 3, w ith  motor driven auxiliaries and Diesel 

generators, and for proposal 4, w ith  auxiliary  m achinery me
chanically  driven from the m ain engine -62.



TABLE I I I
E v a l u a t i o n  o f  O i l  F u e l  C o n s u m p t io n s ,  

o f  5 0 0 0  S . H .P .  I n s t a l l a t i o n

C o n d i t i o n s .

I n i t i a l  P r e s s u r e  

I n i t i a l  t e m p e r a t u r e  

C o n d e n s e r  vacu u m  

B .T b .U  p e r  l b  o f  o i l

500  I b a .  p e r  s q u a r e  in c h
i a b s o l u t e ! .

7 0 0 ° P .

8 V i n c h e s  m e r c u r y  i B a r - 3 0 " )

10 5 0 0

1 .

4 .

8 l e a s  
AUZi

O rlY o n
i u r l o o .

... -  A -

s  S t o a K - o i o c t r l o
A u x i l i a r i e s .

3 . £ * s s © i - e i o c t r l o
A u x i i l a j r l a * .

4 .  A u x i l i a r i e s  d r i v e n  
f r o s t  aula B n g l a o o .

*« rb L A «  8tOSB ( l U . / b r ) 3 6 ,0 0 0 3 6 ,0 0 0 3 6 ,0 0 0 3 6 ,0 0 0 3 6 ,0 0 0

T o t a l  a t w u i  f o r  A u x l l l a r l s o * 8 ,9 6 0 8 ,9 6 0 7 ,6 * ,0 2 ,4 5 0 2 ,4 5 0

A v a i l a b l e  f o r  f o o d - n e a t l o g • 7 .2 1 0 7 ,2 1 0 5 ,9 0 0 8 5 0 6 5 0

O t n i o o d  f o r  f s o d - n o a f c la g * 9 ,8 0 0 3 ,8 0 0 5 .7 0 0 4 .9 5 0 ♦  ,9 5 0

U t i l i s e d  i n  I . . * ,  t u r b i n e 1 ,4 1 0

i M m t s  O f 8 . H . * . 98

('~̂ 6-1 ■ f Aa 4 ,1 0 0 4 , 1 0 0

D e o r e a s e  o f  8 . u . r . 2 8 5 2 8 5

1 . P . a s s o r t e d  by A u x l i l a x y  
K e a n in e r y  I n  ( 4 ) 1 3 2

• . H . T . r c r  j r o p a l l t r  s h a f t 9 ,0 0 0 3 ,0 9 8 5 , c o o 4 ,7 1 5 « ,5 8 3

f e t a l  8 tO W ( 1 0 * /  n r ) 4 4 ,9 6 0 4 4 ,9 6 0 4 3 ,6 5 0 3 8 ,4 3 0 3 8 ,4 5 0

8 1 1  f o r  s t o a a  y ro d u o  t l o a • 3 .4 0 & 3 . 4 0 5 3 ,3 1 ® 1 ,9 1 0 2 , 9 1 0

o n  f o r  D i e s e l  o e n e r a t o r • 8 2 . 5

T o t a l  O i l  ** * 3 .4 0 5 3.^ 03 3 .3 1 0 2 .9 9 2 .3 2 ,9 1 0

l b s .  o n  ) a t  2 i5 * f  food  lonrerBtur®  
p er  )

s .B ^ .b s u r )  a t  31 0*? fe ed  te n ip o ra tu ra

.6 8 1

6 67

.668

.635

.6 6 2.6*4
.6 3 5

U 2

.6 3 5

.6 2
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I t  will be seen from  this comparison th a t w ith  steam -electric 

auxiliaries the to tal fuel consum ption m ay be made 2-85% less 
than when they are steam  driven, and w ith Diesel-electric or 
m echanically driven, 7-6% less.

In  proposal 4 i t  has, for the sake of sim plicity , been sup
posed th a t all the auxiliaries are driven from the m ain engines. 
This may not be considered desirable in  the case of ail of them , 
even w ith  the provision of adequate stand-by units. The resu lt, 
however, as regards fuel consum ption being the same as when 
1hese auxiliaries are m otor driven from  Diesel generators, one 
can make it  apply equally to any com bination of the two 
systems, th a t is to say, w ith as m any of the auxiliaries as is 
considered practicable driven m echanically from  the m ain tu r 
bines, and the rest motor driven from  Diesel generators.

I t  has been assumed in  determ ining the am ounts of the steam 
consumptions th a t the steam supply to the auxiliaries is a t a 
pressure of 200 lbs. per square inch and saturated . I f  th is  
steam is generated in  a separate low pressiire boiler it  will ab
sorb less beat per lb. than  the steam generated in  the m ain 
boilers a t a pressure of 500 lbs. and 700°F. The oil consump
tions have, however, all been evaluated on the assum ption th a t 
all the steam is generated in  the m ain boilers.

To provide additional low pressure boilers for the auxiliary  
m achinery, w ith duplication for the sake of overhauling and 
cleaning in port, would entail considerable addition to the  
p lan t. Some such provision is, however, necessary for the 
supply of deck m achinery for cargo hand ling , and for the  
supply of saturated  or only slightly  superheated steam to the 
engine room auxiliaries before the m ain m achinery is under 
way.

An in teresting  method of overcoming th is difficult}7 has been 
put forward by Messrs. Babcock and W ilcox. The steam re
quired for aux iliary  m achinery is drawn from the m ain boilers 
and passed through an “  attem perator ”  in  which it  is in ti
m ately mixed w ith cold feed w ater, evaporating the la tte r, and 
its tem perature thereby reduced. T hereafter it  can be reduced 
by reducing valves to any pressure th a t is desired.

This simple method appears to meet the practical require
m ents and is a t the same tim e economical. F o r since some 
fu rth e r steam  is generated by the evaporation of feed w ater it  
will be seen th a t the steam required for the auxiliaries is ob
tained a t a lower cost of heat per lb. than  in  the m ain boilers.
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I t  will lead therefore to slightly  lower figures for the total oil 
consumption than  given in Table I I I .

Mr. A. J o b l i n g  : The au th o r’s paper seems to be very highly  
theoretical. I  quite agree w ith  him th a t no other method of 
genera ting  power is equal to steam  turbines when they are 
working under the stable conditions which obtain in ordinary 
power station practice, but w ith  regard  to m arine requirem ents 
present practice inclines towards the Diesel engine or to  re ta in 
ing  the reciprocating steam  engine. W e have yet to learn 
w hether the turbine is going ahead and m aking the same pro
gress as the Diesel engine, and why the turbine has ceased to 
be of such u tility  as it is supposed to be in m arine practice. 
Perhaps it is because the conditions are not so stable and firm 
as in land work.

The C h a i r m a n  : I  am not quite clear as to one p o in t; in Table 
I I I ,  columns A. and B, w ith steam driven auxiliaries, the 
au thor gives the to tal w ater consumption as 8'39 lbs. in each 
case, but the shaft horse-powers are different, and he arrives at 
the  same oil fuel consumption. Is  th a t correct?

The A u t h o r  : T hat is quite correct. I  will explain it later.
Mr. A. F . C . T im p s o n  : A point occurs in connection w ith the 

question of gearing. The adoption of h igher speed turbines 
necessarily involves a g reater reduction to obtain an efficient 
propeller speed and therefore a sm aller pinion is required, 
which is liable to cause trouble. W e often see gearing being 
taken out, and the whole engine-room is dism antled. R elia
b ility  is of prim ary im portance in a m arine installation , and I  
question, therefore, whether the fitting  of h igher speed steam  
turbines, even if they give a higher efficiency, will be advan
tageous (beyond a certain  lim it, of course).

Then as regards tapping off steam, I  th ink  the author said 
th a t th a t gives a g reater efficiency because you have more 
steam available for heating  the feed w ater. I t  seems to me 
th a t  if you draw* from the total am ount of energy of the in itial 
steam supply, you no longer have the same energy available 
for power. A lthough by tapping off it gives you a h igher feed 
w ater tem perature you m ust lose it in the S .H .P .

The sum m ary (in Table I I I )  of oil consumptions in com pari
son w ith the various types of auxiliaries is of particu lar 
in terest, nam ely:
W ith  steam auxiliaries— '667 lbs. per S .H .P . hour.
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W ith  steam -electric auxiliaries (tu rbo-generator)— '648 lbs.

per S .H .P . hour.
W ith  Diesel-electric auxiliaries— '62 lbs. per S .H .P . hour.
showing a fairly  considerable reduction (7'6% ) in the case of 
D iesel-driven auxiliaries. T hat goes to show th a t the prime 
mover is g iving a g reater overall efficiency when Diesel-driven 
th a n  w ith  either of the steam  driven auxiliaries, w hich is also 
borne out by results obtained from  the auxiliaries in certain  
m otorships. The field of the tu rbine is in the h igher powers 
w here so far the Diesel engine has been unable to compete suc
cessfully, although it is beginning  to enter th is field also.

A M e m b e r  : A point of in terest not touched upon by the 
au thor is a comparison, as regards first cost, between this 5,000 
S .H .P . tu rbine installation  and a Diesel set. I  th ink  the fuel 
consum ption of '62 lbs. per S .H .P . hour compares unfavour
ably w ith th a t of the average Diesel engine: i.e ., '53 lbs. A 
ship fitted w ith  the auxiliaries m entioned in the au thor’s tables 
wrould be w hat one m ight call a high-class ship, presum ably a 
passenger vessel, nothing  like the type of vessel to which the 
Diesel engine has so far been confined. I would like the au thor 
to give sim ilar comparisons for a small ship of, say, 2,000 H .P ., 
and particu larly  to show how it would wTork out in the case of a 
double-reduction set.

Then there is the question of superheat. I  have observed 
th a t in installations which went up to 700° on the H .P . tu r
bine, there has been trouble due to the excessive th ru s t on the 
m ain bearing. I  th ink  it would be an advantage if the forward 
bearing  were a separate casting altogether, and th a t it would 
get rid of th a t trouble.

Mr. T. W . L o n g m u i r  : The au th or’s figures are based on a 
boiler pressure of 500 lbs. per sq. in. Have we any m arine 
boilers w orking a t th is pressure to-day? As regards the fuel 
question, I  th ink  it is generally  adm itted th a t oil is m ost 
economically used in Diesel engines, and th a t the object of 
developing high-pressure turbines is solely to enable us to 
utilise our coal resources. I t  would be in teresting , therefore, 
if the au thor could give sim ilar figures based on coal as fuel.

I  notice th a t in order to get the h ighest efficiency the feed 
w ater tem perature was raised to 310° F . W here was the steam 
taken from to do th a t ? I t  could not have been taken  from the 
low pressure tu rbine, and it is open to question w hether it 
would be economical to take it from the I .P . turbine.
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Mr. J .  F . S m ail : I  would like to ask the au thor whether he 

knows of any instance of a boiler on a ship in service giving 
an efficiency of 84%.

The C h a irm a n  : R eferring  to the installation  which the 
au thor showed on the screen, of the geared set of turbines with 
three turbines w orking the one shaft, is th a t the suggested 
solution of the problem for all powers, or does he not th ink  
it would be be tte r to increase the num ber of turbines w ith the 
power P I t  is assumed th a t for the medium powers you would 
get nearly the same efficiency w ith two turbines as with three 
or more.

I  wonder also whether the author could give us particulars of 
any form of p reheating  which he could recommend for a m arine 
installation. I t  has seemed to me a difficult problem to fit on 
board a ship a fairly  simple and efficient p reheating  apparatus 
w ithout considerable complication in the way of arrangem ent.

I  would also like to know whether the author could let us 
know the final funnel tem peratures for the installation  he has 
been quoting.

The A u th o r ’s R e p ly  : Mr. Job ling  seems to be unaw are of 
the history of the solid achievements of the tu rbine in m arine 
propulsion, being more impressed with the progress of the 
Diesel Engine. The past record of the turbine is, however, so 
fam iliar as to be alm ost commonplace, w hilst the Diesel engine 
has still the glam our of novelty.

The enormous output of m arine turbines, and its general 
adoption in the W orld ’s Navies rand in the great liners, speak 
for themselves. As regards new achievem ents, reference may 
be made to three recent steam ers for the Orient Line, which 
have shown great economy in fuel consumption. The first of 
these the Orama, w ith  a three tu rbine arrangem ent at ordinary 
pressure and tem perature and single reduction gearing gave a 
record in fuel consumption of '785 lbs. of oil per S .H .P . The 
order for a further steam er of the same type has recently  been 
placed w ith Messrs. Vickers, the builders of the Orama. A 
sim ilarly good performance has ju s t been recorded in the case 
of the Ita lian  L iner Conte Biancamano, built by Messrs. W . 
Beardmore and Co., viz., ‘77 tons of oil per S .H .P .

As regards fu rther improvement in efficiency, an advance in 
this direction may be expected in the future by the use of high 
tem peratures and pressures. A turbine installation is at pre
sent under construction for a Clyde steam er w ith a boiler pres
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sure of 550 lbs. and a tem perature of 750° F ., which it  is hoped 
will dem onstrate the p racticability  of im provem ents in this 
direction and a considerable advance in efficiency.

In  reply to the C hairm an’s questions w ith  regard  to the 
columns 3 and 4 of Table I I I . ,  the object of the analysis is to 
determ ine the true cost of driving the auxiliaries. In  case 3 
w ith  D iesel-Electric Auxiliaries the cost of driving the auxi
liaries is represented by the consumption of 'a  certain  am ount 
of fuel, viz., 82'5 lbs. of oil for the Diesel G enerator. In  case 
4 w ith  auxiliaries driving’ from  the m ain engine, the cost of 
d riv ing  them  is on the other hand represented by a reduction 
in the power of the m ain engines. T hat is why there is a 
difference in S .H .P . between the two cases, but a t the same 
tim e there is a corresponding difference in the to tal oil con
sum ption, and we arrive eventually at the same value for the 
consum ption rate .

W ith  regard  to the use of a three turbine arrangem ent for 
large powers, I  am not quite sure th a t one would be rig h t in 
saying th a t a three tu rbine arrangem ent would show a g reater 
advantage for high powers than for low powers. A three tu r 
bine arrangem ent enables one to have a more efficient insta lla
tion and a high-pressure tu rbine of small diam eter and high 
revolutions will probably show a g rea te r advantage in a small 
power installation  than  in a large one. W ith  a single reduc
tion  and three pinions grouped around one wheel, there will 
be a considerable saving in w eight, particularly  in the gearing, 
and this is an advantage which may be more pronounced in the 
case of large powers.

As regards preheating  the only way in which the effect of 
p reheating  is included in the comparisons made in the paper is 
th a t it is assumed th a t, w ith preheating  adopted, there will be a 
h igher boiler efficiency which has been taken  in the paper at 
84% . This figure, however, does not affect the comparison as 
it has been taken the same for all cases.

I  have seen efficiency figures of a m arine boiler plant from 
actual m easurem ents on service as h igh  as 82% w ithout any 
provision for a ir heating , beyond the ordinary heater of a 
Howden’s forced d raught system, so th a t to expect to obtain 
84%  w ith efficient air preheaters is quite a conservative assum p
tion. The leading boiler-m akers are quite prepared to supply 
preheaters and give efficiencies such as I  have m entioned.

I  cannot say definitely w hat the funnel tem perature would be 
in the installation  referred to, bu t presum ably it will be about
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450° F . W ith  the arrangem ent shewn in F ig . 3 the tem pera
tu re  ought to be further reduced by a considerable am ount, and 
th a t is why one should anticipate w ith  such an arrangem ent a 
still h igher boiler efficiency. I t  should be borne in m ind th a t 
for every 50° reduction in the tem perature of the funnel gases, 
there is an improvement of a t least 2%  in boiler efficiency.

Mr. Timpson suggested th a t there was some difficulty in 
adopting a high revolution turbine owing to its necessitating  a 
sm aller pinion. I t  will mean either a smaller pinion or a larger 
wheel. There will be a lim it of course in this direction, but 
we have not reached it yet, and so far there is no difficulty a t 
all in obtaining the h igher revolutions required for the h igh- 
pressure turbines, especially if double reduction be adopted.

Mr. Timpson also questions the advantage of tapping off 
steam from the turbine for heating  the feed w ater. The feed 
w ater cannot be heated to 310° F . by auxiliary  exhaust steam, 
unless the back pressure on the auxiliaries is considerably in 
creased, because this tem perature depends upon the tem pera
ture at which the auxiliary  steam can be condensed in the feed 
heater. An increase of back pressure on the auxiliaries would, 
however, increase their consumption and probably m ake the 
overall resu lt worse. I t  is usual to exhaust a t about 10 lbs. 
above atm osphere and a t th a t pressure the exhaust steam  can 
be condensed in the heater at slightly  over 200°. As regards 
the u tility  of tapping off steam from the turbine to heat the 
feed w ater, the feed w ater has to be heated in any case, and 
the heat is u ltim ately  derived from the same source, viz., the 
boiler, but when heating  by steam tapped off from the turbine, 
the required am ount of heat is first of all put into the steam in 
the boiler and then made to do some work in the tu rbine before 
being passed on to the feed water.

In  reply to a member, as regards the comparison of Diesel 
Engines w ith Turbine Installa tions, this question was dealt 
w ith in the paper, to which I  have referred, read by Sir John 
Biles at the m eeting of the In stitu tion  of Naval Architects last 
year. I t  is necessary to take into account the first cost of the 
engine as well as the figure for fuel consumption per S .H .P . 
and tak ing  into consideration the larger first cost of the  Diesel 
engine it is held th a t for such powers as I  have considered, 
viz., for 5,000 S .H .P . and upwards, and w ith the new proposals 
for ensuring high efficiency the geared turbine gives a more 
favourable result.
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I t  m ust be rem embered also tb a t w ith  a steam  installa tion , 

coal can be used for fuel instead of oil, and this gives the steam  
turbine installation  on the lines indicated an advantage over 
the Diesel engine a t even sm aller powers, probably down to the
2,000 S .H .P . referred to by a member. I t  should be pointed 
out, however, th a t the object of the paper is no t to put forw ard 
figures of consum ption for comparison w ith Diesel engines, but. 
to bring out the comparison between the different methods of 
driving the auxiliary  m achinery.

In  reply to Mr. L ongm uir a comparison sim ilar to th a t in the 
paper made on the assum ption of the use of coal as fuel instead 
of oil would give practically  the same resu lts as regards respec
tive advantages of the different systems of driving the auxiliary 
m achinery. The figures need only be increased in the propor
tion of the values of the fuels. The steam required to raise 
the feed w ater to 310° F . would be tapped off a t the exhaust 
end of the h igh-pressure turbine, or a t an early stage in the 
interm ediate-pressure turbine, as stated  in the paper, at a pres
sure of about 110 lbs. absolute.

Mr. J .  Clark  : I  have much pleasure in proposing a hearty  
vote of thanks to the author. I  hope he is not disappointed 
w ith  the small discussion, b u t it is very difficult to criticise the  
paper constructively. Many of us may have a little  doubt on 
certain  points, for instance, the question as to the 84%. 
efficiency.

Mr. T. R . A le x a n d e r  : I  have much pleasure in seconding 
this vote of thanks to the au thor. This in te resting  paper is 
particu larly  useful in showing the possible im provem ent in effi
ciency of steam  plant. The race for economy between steam 
driven and oil driven ships is not yet over, and bearing in m ind 
the experim ental work now in hand and the possibilities of 
ex isting  apparatus, there is reason to believe the efficiency of 
steam  p lan t will be substantially  increased in the near fu tu re . 
The au thor quotes 84% as the boiler efficiency of a m odern 
p lant, which is decidedly conservative, for it is now quite prac
ticable to obtain a funnel tem perature as low as 200° F . w ith  
the aid of economisers and preheaters.

The installa tion  of such apparatus in ex isting  ships would 
prove a financial economy in many instances. W e shall look 
forw ard to the results of the experim ental p lan t in the ship 
m entioned by the author and share his confidence in them, 
ju stify ing  his figures.
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The A u t h o r  : I  thank  you for the kind way in which you 

have received the paper, and should like ju st to add th a t my 
object when preparing it was to consider as im partially  as pos
sible the different methods of driving the auxiliary m achinery 
for the purpose of selecting which ever proved to be the best. 
The figures have been most carefully sifted, and I  th ink  it  will 
be found th a t they give a fairly  true presentation of the com
parative values.

The Principles  and Practice of Automatic  
Steering.

By F . s . CLIFFORD,
READ

Tuesday, February 23, at 6.30 p.m.
Ch a ir m a n : M r. F . M. TIMPSON.

I n t r o d u c t i o n .— There are few sea-going engineers who have 
not a t some tim e or other had occasion to rem ark th a t so and 
so was at the wheel. Behind such comment lay  a long story 
associated w ith the irregularities of the m agnetic compass and 
the inequalities of different helmsmen.

Such is the raison d’etre for autom atic steering. B ut before 
proceeding to describe the principles underly ing the mechanical 
control of the direction of a ship at sea, it is necessary to dispel 
the erroneous impression, which sometimes exists, that the a rt 
of steering requires some mysterious power of in tu ition , which, 
of course, cannot be possessed by a machine.

On analysis it will be found th a t this alleged anticipatory  
ab ility  is in fact nothing more than  an estim ation of the slug
gishness or liveliness of the m agnetic compass card in relation 
to the actual change of direction of the sh ip’s head.

I t is for this reason th a t the hum an helmsman keeps one eye 
on the compass and the o ther on some d istant object ahead or 
nearly ahead. By adhering to th a t practice he is able to judge 
approxim ately  the time lag, and extent of oscillation of the 
m agnetic compass card. This serves as a guide as to when and 
how much helm is to be applied for an assumed movement, as 
a p a rt from an apparent change of heading indicated by the 
compass.
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I f  th a t be appreciated, then it follows th a t since a m achine 

cannot be expected to differentiate between the apparen t and 
real movement of a sh ip ’s head, it will be realised th a t it is 
impossible to devise an autom atic and m echanical contriv
ance which will operate satisfactorily  in  conjunction w ith a 
magnetic compass.

Therefore, the first essential to autom atic steering is a com
pass which is capable of giv ing im m ediate and consistent in d i
cations of the slighest tendency of the ship to deviate from  any 
desired course.

These requirem ents are to be found only in the gyro compass, 
which is not dependent on the vary ing  forces of the ea rth ’s 
m agnetism , and is unaffected by the iron and steel in  the vicin ity  
of the bridge, or by the movements of the ship in  a seaway. I t  
has, moreover, a directive force m any tim es th a t of the m ag
netic compass and the design is such th a t all oscillation of the 
compass card is definitely elim inated.

The Relation between the Gyro Compass and Autom atic  
Steering A pparatus .— W hilst it is not necessary to give an 
account of the whys and wherefores underly ing  the principles 
of the gyro compass in order to give a descriptoin of an auto
m atic pilot, yet it is essential to deal briefly w ith  the rela tion
ship existing  between them .

F ig . 1 shows the gyro compass, which consists in the m ain of 
three elem ents: —

F irstly , th a t containing the gyroscope and the system of con
tro l which causes the axle of the wheel to seek and m ain tain  the 
direction of the geographical pole.

Secondly, an outer element carry ing the compass card, which 
by a simple electrical follow-up system, enables the north  point 
of the card to be kept in precisely the same vertical p lane as the 
axle of the gyroscope, and

Third ly , a fixed supporting fram e fitted w ith a ring  concentric 
with the compass card and carry ing the lubber line.

'The Repeater S ystem .— This principle of construction per
m its of an arrangem ent, whereby a gear wheel on the outer 
follow-up member engages with a pinion and drives the brush 
carriage of a com m utator type transm itter which is attached to 
the fixed frame.

By those means, any relative movement between the compass 
card and the lubber line can be com municated electrically to
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any desired position. Thus the direction of the true north pole 
can be reproduced in a m anner sim ilar to th a t of an electric 
m aster clock, situated in the chart room and operating repeater 
tim e dials in the engine room and passengers’ quarters.

N O K T H  E L E V A T I O N .
F ig  1 — M a s te r  G y ro  C o m p a s s .

These auxiliaries are known as repeater compasses and each 
u n it consists of a small step-by-step motor which drives a com
pass card through a tra in  of g e a rs ; the reduction being 180 to 1.

One such repeater motor forms an essential p a rt of an auto
m atic steering apparatus, and is shown a t the top left-hand 
corner of F ig . 2, while to the righ t will be seen the transm itter 
on the m aster compass.

As will be observed from the connections, this motor has six 
poles, which are wound in pairs.

The transm itter is so arranged th a t it  first energises one pair 
of opposite poles in  the repeater motor, but owing to the brush 
carriage being staggered it follows th a t the second step of the 
transm itter will energise the next pa ir of poles* during  which 
time the first pa ir rem ain energised.
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The th ird  step will be such th a t the second pa ir of poles in 

the repeater motor rem ain energised while the original pair 
become de-energised, and so on.

From  this it follows th a t the soft iron arm ature of the re
peater motor will take up a position firstly in line w ith  the first 
p a ir of poles, then ly ing evenly between two pairs of poles, fol
lowed by a position in line w ith the second pair of poles; the 
continuous procedure resulting  eventually in a complete tu rn  
of the arm ature.

I t  will be observed th a t there are twelve definite steps for a 
complete turn  of the arm ature, each representing a movement 
through arc equal to th ir ty  degrees.

As previously mentioned the spindle of the arm ature drives 
the compass card through a gear reduction of 180 to 1, from 
which it follows th a t the actual movement of the repeater 
compass card in relation to one step of the arm ature will be 10° 
of arc.

Therefore, i t  is correct to say th a t the readings of the m aster 
compass are transm itted  to the repeater compasses with a degree 
of accuracy equivalent to l / 6 th  of a degree.

W hat has been said up to the present m ay be regarded more 
or less as an introduction to our subject. For want of a better 
word it may be said th a t the “ link  ” between the gyro compass 
and gyro pilot has been described.

The Essential E lem ents o f an Autom atic Steering Device .—  
W e are now in a position to consider the m anner in which the 
transm itted  indications of the m aster gyro can be utilised for 
controlling the telemotor steering gear, which in tu rn  actuates 
the th rottle  valve on the steering engine and finally the move
m ent of the rudder.

On referring  again to the same, F ig . 2, which is a d iagram 
m atic sketch of an elem entary autom atic steering system— it 
will be seen th a t the compass repeater motor drives, through 
gearing, a contact m aking arrangem ent called the roller arm .

As will be seen, the arm  carried at its extrem ities two carbon 
rollers, one of which runs on the inside of a conductor ring  
which is divided so as to form two ha lf circles w ith a ir gaps 
d iam etrically  opposed. The other roller, a t the end of the 
short arm , runs inside a complete conductor ring , which is con
nected to the sh ip’s electrical supply.

F u rth e r exam ination of the diagram  will show th a t one-lialf 
of the split conductor ring  is connected to the solenoid of a
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clapper switch “ A ” the other to the opposite clapper switch 
“  B .”  These switches control the steering, stopping and direc
tion of rotation  of the “  drive motor ”  is of the ordinary  series 
wound D.C. type.

The drive motor, necessary gearing, and a roller chain, con
trol the rotation of the steering wheel, which of course, actu
ates the telem otor system in the custom ary m anner.

I t  is im portan t to observe further, th a t the drive motor gear
ing  also operates a vertical shaft which drives a bevel wheel, 
to which both the conductor rings are secured.

Principles of Operation .— In  order to follow the operation of 
the mechanism it  is well to reiterate th a t the three m ajor units 
of the system consist of the m aster gyro compass, shown on the 
d iagram  by the transm itter, the gyro pilot and the steering 
wheel, which for the sake of explanation may be regarded as 
the rudder.

As a s ta rting  point we will consider th a t the vessel is steady 
on her course w ith the helm  am idships. W hen those conditions 
prevail the a ir gap of the split conductor ring  is in a vertical 
position and the roller contact is directly  over it. Consequently, 
the circu it to the drive motor is incomplete and nothing 
happens.

Im m ediately  the sh ip’s head moves, the relative positions of 
her fore and a ft line and the gyro axle alter. The result is 
th a t the “  follow-up ”  system of the m aster compass causes 
the north  point of the compass card to be kept in alignm ent 
w ith the gyro axle, although the relation  between it and the 
lubber line changes. This actuates the brush carriage of the 
tran sm itte r which controls the movements of all the repeater 
compasses and the repeater motor w ithin  the gyro pilot.

The impulses thus com municated to the repeater motor cause 
the arm ature to take up a fresh position and in  doing so, the 
roller contact is driven from its norm al vertical position to a 
position indicated in the diagram . U nder these conditions, 
curren t is supplied from  the starboard half of the conductor 
ring , and closes clapper switch “ A ,”  which completes the c ir
cuit to the drive motor th rough  field “ A ,”  and results in  the 
steering wheel being turned , and eventually produces rudder 
movement.

I t  will be observed th a t im m ediately the drive motor comes 
into operation to move the rudder, there is also a movement
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of' the split conductor ring  in such a direction th a t the gap 
chases the roller arm.

As soon as the ship responds to the application of the rudder, 
and steadies, the roller contact rem ains stationary, since there is 
no movement of the transm itter, but there will still be a ten
dency towards fu rther rudder movement, u n til the movement of 
the conductor ring  has reached a position so as to place the air 
gap over the contact roller. The circuit to the drive motor will 
then be broken and rudder movement cease.

At this stage of the evolution, the action of the rudder will 
commence to cause the ship to re tu rn  to her course. This 
change of direction will be indicated by the compass, and a 
corresponding movement of the repeater motor will take place— 
this tim e in the opposite direction— and the roller arm  will be 
carried to the other side of the split conductor ring.

In  this case the circuit to the drive motor will be closed by 
the operation of clapper switch “ B ” and the motor will rotate 
in the opposite direction and apply a counteracting rudder 
movement. Once again the operation of the drive motor will 
produce a movement of the split conductor ring—only in  the 
opposite direction— and the gap will chase the roller contact 
and eventually catch it up and break the circuit to the drive 
motor.

This procedure will be repeated u n til the ship is again steady 
on her course when the roller contact will be vertical and over 
the gap of the split conductor ring.

As m entioned before, the illustra tion  gives only the simplest 
elements of an autom atic steering apparatus, and if the mech
anism was put on board in this simple form it would be found 
th a t a constant yaw on each side of her course would result.

The apparatus, as so far described—merely satisfies the two 
essential requirem ents, namely, to detect the immediate ten 
dency to yaw and to apply instan tly  such movement of the 
rudder as will cause the vessel to re tu rn  towards her course.

The Need of F lex ib ility .—Like an individual, every vessel 
has her own characteristics, and this applies particularly  to 
her steering qualities. One ship may require a five degree 
rudder movement to counteract for a small in itia l deviation 
from course, while another may need only two degrees of rudder 
for the same am ount of yaw. And then again, d raught, trim  
and weather enter largely  into the steering characteristics of 
all ships, so th a t in order to deal w ith the varying conditions
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which may be met with in  different types of vessels it  is neces
sary  th a t any autom atic steering apparatus m ust be of an ex
ceedingly flexible nature.

The factors which have to be cared for may be summarised 
as follow s: —

(1) A n a tu ra l period of yaw as apart from a real deviation 
from  course.

(2) Lost m otion which may exist in  the telem otor system and 
linkage in the steering gear.

(3) R ate and am ount of rudder movement for the in itia l one 
degree alteration  from course as required by any particu la r 
vessel.

The Complete A utom atic P ilo t.— W e will now refer to F ig . 3 
and see how these vary ing  conditions are worked out in  p rac
tice. I t  will be noticed th a t th is d iagram  embodies the ele
m ents shown in  the preceding one, and in addition it includes 
the necessary refinements to give effect to the requirem ents of 
any  type of ship.

The repeater motor, it  will be noticed, drives the contact 
arm  through differential gearing, bu t the reason for this will be 
dealt wi th  later.

The W eather A d ju stm en t.— Considering the first of the three 
factors, it m ust be pointed out th a t the spindle carry ing  the 
roller arm  is free to rotate u n til such tim e as a wedged-shaped 
p in— called the “ w eather ad justing  knob ” — situated  on the 
gear wheel at the rear, is engaged. Thus, if th is wedge is 
“  two blocks ”  then the least movement of the repeater motor 
will resu lt in  an im m ediate movement of the roller arm . On 
the other hand , should the wedge be p artia lly  w ithdraw n, 
there will exist a certain am ount of lost motion, which will 
enable the sh ip’s head to yaw to an extent, depending upon the 
am ount of slack, w ithout any corresponding movement of the 
roller arm.

This is known as the “  w eather ad justm en t.”  In  a smooth 
sea it  is generally  found best to elim inate th is lost motion, and 
so allow the ship to get “  helm  ”  as soon as possible. D uring  
heavy w eather i t  is advantageous to open the weather ad ju st
m ent sufficiently fa r to allow the vessel to pursue her norm al 
yaw in the prevailing  sea, and so prevent continuous hun ting  
of the steering gear.

The Telemotor A d ju stm en t.— W e come now to the second 
factor. I t  is obvious from reference to the d iagram , th a t in 
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stead of the connection between the conductor ring  and the drive 
motor being in the form  of a vertical shaft, as shown in  F ig . 2, 
there is employed a gear quadrant fitted with a sim ilar wedge 
contrivance to th a t form ing the “  weather ad justm en t.”  This 
quadran t is mounted on the same shaft as a slotted lever, which 
in tu rn  is connected by a driving pin to a second lever or arm. 
The base of th is arm  is attached to a gear wheel which forms 
one unit of a tra in  of gears to the shaft of the drive m otor.

For the moment it is convenient to ignore the fact th a t the 
lever can be shortened or lengthened.

We have seen already th a t as soon as the drive motor is ener
gised, the movement is transm itted  to the conductor ring, which 
chases the roller contact. I t  follows therefore, if the wedge 
on the gear quadrant is “  two block ”  with the slotted lever, 
there is no lost motion between the motor and conductor rings. 
U nder those conditions i t  is evident th a t the movement of the 
conductor ring  starts and stops w ith the starting  and stopping 
of the motor.

B ut if it be assumed th a t, say, three spokes slack motion in 
the steering wheel has to be taken up before the th rottle  valve 
on the steering engine opens, it would mean th a t the ship could 
deviate from her course to some extent w ithout rudder move
ment being applied, although the steering wheel had turned.

T hat would make it possible for the ship to take a considerable 
sheer, and in order to allow for th a t condition, the “  telemotor 
ad justing  knob ” enables lost motion to be put in between the 
gear quadrant and the slotted lever.

Thus it will be seen th a t if the wedge is partia lly  w ithdraw n, 
the drive motor will over-run and take up the slack in the steer
ing gear. In  practice this adjustm ent is quickly ascertained 
by observation of the electric rudder indicator.

The Ruclcler A djustm erit.— W e now come to the th ird  factor, 
which is, perhaps the most im portant—the adjustm ent which 
regulates the am ount and speed of rudder movement for the 
in itia l deviation from the course.

A short while ago we referred briefly to the second lever or 
arm  which carries a driving pin . I t  will be noticed th a t the 
lower end of th is arm  works in a guide, while a rack has been 
cut on its inside, the whole of which is capable of being raised 
and lowered by the m anipulation of the “ R udder ad justing  
knob ” —shown at the back.



PRACTICE OF AUTOMATIC STEERING. 35
The effect of raising  this arm  is to shorten the slotted lever, 

nnd vice versa. Consequently, it will be seen th a t a long lever 
will result in a relatively  small movement in a given tim e— of 
the gear quadran t, and thence the conductor r in g ; on the other 
hand a shorter arm  will give a greater movement of the con
ductor ring  in the same period of tim e.

The rate of angu lar movement of the roller arm  depends on 
the velocity of yaw of the vessel’s head. On the other hand 
the rate  at which the split conductor ring  chases the roller arm  
depends on the length  of the lever, and also the speed of rotation 
of the drive motor. The la tte r can be regulated by tu rn in g  a 
snap switch, which lias three positions, nam ely, slow, medium, 
fast.

Therefore, if  the underw ater lines of a ship, the nature of her 
■stern, and the dimensions of the rudder, are such as to produce 
bad steering characteristics, it will probably mean th a t for a 
small departure from course, a relatively  large am ount of coun
teracting  rudder, quickly applied, will be needed. This would 
necessitate tu rn ing  the “  rudder ad justing  knob ”  in  such a 
direction as to lengthen the slotted lever, and, m ay be, the best 
speed for the motor would be medium.

Taking the case of a vessel w ith a small co-efficient of fineness, 
a  balanced rudder and h igh speed—a good steering ship— it is 
probable th a t a small rudder movement quickly applied would 
be found adequate to keep the ship as close to her course as 
possible. U nder ordinary circumstances, the “ rudder ad just
m ent knob ”  would be turned so as to shorten the slotted lever 
and the speed of the drive motor would probably be best set at 
“  fa s t.”

By the very nature of th ings, it is not possible to lay down 
any definite rule w ith regard to the proper setting. A few 
watches at sea w ith the “  rudder ad justing  knob ”  in different 
positions will quickly reveal the general steering characteris
tics of the vessel. Subsequent changes of the adjustm ent, and 
alteration  in the speed of the motor, to take care of varying 
weather conditions, should, w ith a little  practice, be easily 
carried out.

H aving described the reason for different adjustm ents and 
the methods employed for m aking same, it is necessary to men
tion  th a t the procedure entails no anxiety  for the officer-in- 
charge of the watch.
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The telem otor adjustm ent rem ains practically  constant pro

viding the pressure of the hydraulic system is m aintained.
The rudder adjustm ent should only require resetting when 

a considerable change of d raught or trim  lias taken place, or, 
may be, when heavy weather is experienced. In  the la tte r cir
cumstance it may be found advantageous to reduce the motor 
speed.

The weather adjustm ent is needed, as a rule, only in heavy 
weather, and is turned sufficiently to prevent continuous h u n t
ing of the steering wheel and to allow for the norm al yawing 
period of the ship.

The Pilot W heel.—There rem ains but three further items 
which are entitled  to some explanation. One is the pilot wheel. 
This is shown at the top of Eig. 3, and it will be observed that 
the wheel is capable of being moved to an “  in ”  position and 
an *' out ”  position.

Autom atic Steering Position .— W hen the pilot wheel is in the 
“  out ” position, the point of its spindle is clear of the gear 
wheel having holes near its periphery. In  th a t position there 
is nothing to obstruct the repeater motor driving the roller arm. 
This is called the autom atic steering position.

H and Steering Position .— W hen the pilot wheel is pushed to 
the “  in ”  position, the point of its spindle is engaged in on^ of 
the holes of the gear wheel opposite to it, which has the effect 
of locking the repeater motor.

I t  is here th a t the differential conies in. Since the gear on 
the rod has also become engaged with another gear, any move
m ent of the pilot wheel will result in direct control of the roller 
arm — expressed differently—hand steering is achieved in a 
simple and satisfactory m anner.

L im it Sw itches .— A nother point worthy of mention is the 
lim it switch. This is shown clearly on the diagram . I t  can 
be set so th a t the cam breaks the circuit to the drive motor at any pre-determ ined rudder angle.

The switch is arranged in such a way th a t at the moment of 
opening it rings an alarm  bell on the bridge, and when the ship 
responds to the action of the rudder the alarm  ceases and the 
circuit to the motor is closed autom atically.

Drive Motor Clutch,.— An ordinary dog type clutch is pro
vided for engaging and disengaging the gyro pilot from the steering wheel.
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Autom atic Steering in  Practice .— F igure  4 shows the auto

matic steering apparatus connected to the steering wheel of a 
ship. The various controls are clearly shown.

On the assumption th a t we are hound down channel, we 
will suppose that the T rin ity  pilot has been discharged off

Fig. 4. T he Gyro Pilot.

Dover, and th a t the quarterm aster lias steadied the ship on her 
course to a position off Dungeness.

The known adjustm ents having already been put on the gyro 
pilot, the officer of the watch pulls the pilot wheel to the “ out ”
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or autom atic steering position, sees th a t the helm is am idships, 
and then closes the clutch, which engages the apparatus w ith the steering wheel.

The vessel will now be kept on her course autom atically  and 
by a little  atten tion  to the graph  made by the course recorder, 
combined w ith observation of the helm  indicator, it will become 
an easy m atter to make any minor modifications to the ad ju st
ments so th a t the ship will make the best possible course w ith a 
m inim um  rudder movement.

Fig. 5.—R udder Angle C hart.

The Tw o-unit Gyro P ilo t .— A nother form  of autom atic steer
ing  apparatus is now in existence. I ts  essential difference 
from the one ju s t described consists sim ply of the separation of 
the  contact mechanism from the power unit.

The form er is on the bridge and is in no way connected to the 
sh ip ’s steering wheel. I t  operates the power u n it which is 
situated  in  the steering engine house, and, by a su itable a r
rangem ent, controls the th ro ttle  valve.

This type has a distinct advantage, inasm uch as all slack in 
the telem otor gear is elim inated, and also provides an en tirely  
independent system of steering.
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The Valve o f Autom atic S teering .— The economical operation 

of a ship a t sea is dependent 011 so m any varying factors that 
i t  is quite impossible to state definitely the saving which auto
m atic steering confers on a vessel which is equipped w ith the 
modern apparatus.

F igure 5 is a reproduction of a section of a graphic chart 
made by an autom atic rudder angle recorder on board a steamer 
employed in the W estern ocean trade.

An exam ination of th is will show th a t when the vessel was 
being steered by hand, w ith the aid of a m agnetic compass, the 
ex ten t of rudder movement was very great and the num ber of 
applications very frequent. On the contrary in the case of 
autom atic steering it is very noticeable th a t the angular move
m ent of the rudder was im m ediately suppressed, while the 
num ber of movements was reduced.

This record was made during  a gale. I t  is, however, no ex
aggeration to state th a t, as a general rule, the reduction in  
rudder movements is rarely  ever less than  40%.

The extra power absorbed by unnecessary movements of the 
rudder, and the consequent retardation  of speed—not to men
tion the saving brought about by less wear and tear of the steer
ing  engine—are a few points, which I  suggest, indicate th a t the 
gyro compass has certa in ly  contributed som ething towards 
better and more economical navigation.

The C h a irm a n  : W e have to thank Mr. Clifford for a most in 
teresting  paper. W e had a paper on the gyroscopic compass 
in October, 1913; also in October, 1914, but the autom atic 
steering apparatus shown to-night is quite a new feature. I  
th ink  the chart shown is very in teresting ; it brings back re
marks often heard at sea years ago, to the effect th a t some 
graphic record of the steering would be of great assistance. 
This system certainly attains th a t desired object. I  would like 
to ask the author whether th is apparatus is actually  in service.

The A u th o r  : Y es; there are about one hundred ships 
fitted with autom atic steering apparatus. I  th ink it  m ay be 
in teresting  if I  tell you th a t the machine is sufficiently flexible 
to enable the very same model th a t steers the Berengaria  of
52,000 tons to steer the ex-A dm iralty motor launch Amo 11, 
owned by Mr. E rnest Guinness, of only 35 tons.
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Mr. E . 0 . B e c k e t t  : W ill the au thor kindly have the slide of 

E ig . 3 shown again, I  would like to ask for a little  fu rth er ex
planation  of the solid link  and p lu g ; could he show us how it 
operates.

The A u t h o r :  I  th ink  you refer to the “  R udder ad ju st
m ent ” : th is regulates the angu lar am ount and speed of move
ment of the rudder. The necessity of th is feature will be evi
dent if the underw ater section of a fast passenger ship is com
pared w ith th a t of a bluft' collier. One would require a quick 
and small movement, the other a larger and perhaps a slower 
movement. I t  is accomplished by lengthening  or shortening 
the lever movement between the drive motor and the conductor 
o r follow-up ring , the effect of which is to provide a means 
whereby the conductor ring  m ay chase the roller contact either 
quickly or slowly, this adjustm ent is regulated by the move
m ent of the driving  pin up or down inside the slotted lever.

Mr. A. J o b l in g  : Do you dispense w ith  the quarterm aster a l
together or is it necessary to have h im  standing by.

The A u th o r  : T hat is a m atter best decided by the captain 
of the ship. I t  will be appreciated th a t a t first the whole pro
cedure will be so en tirely  strange th a t caution and, may be, a 
little  m istrust may be expected. T hat is only na tu ra l. L ater, 
as confidence is gained, there is a lesser tendency towards 
having a quarterm aster actually  stationed close to the wheel, 
bu t ra th er to employ him  at some job on the bridge. In  fair 
weather runs there appears no need for the helm sm an to be on 
the bridge, as the change over from the autom atic to hand- 
steering is so simple and rapid  th a t it could easily be accom
plished by the officer of the watch.

Mr. J o b l in g  : Mr. Clifford is to be congratulated on giving 
such a useful paper. I  th ink  this apparatus will save the chief 
engineer a good deal of anxiety  regard ing  his bunkers, as it  
elim inates indifferent steering.

The A u th o r  : Y es; th a t is so, and there are other advantages 
to be gained. I t  frequently happens th a t very heavy seas are 
shipped for no other reason than that, Ihe helm sm an is deceived 
by the m agnetic compass and applies the helm the wrong way. 
W hen th is occurs, i t  means th a t the sh ip’s head is either made 
to fly up to windward or to fall off into the trough of the sea 
with a result th a t unnecessary w ater is shipped. There is also 
the hum an aspect : nam ely, th a t the helmsman is at his best 
for the first period of his trick a t the wheel and whose efficiency 
becomes less and less as four or e igh t bells is approached.
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M r. J o b l i n g :  I  suppose the ordinary  compass deviation does 

not enter much into this.
The A u t h o r  : There are no errors at all. Since the gyro 

compass is non-inagnetic, it does not m atter what masses of iron 
or steel m ay he near the ap p a ra tu s; or you could place m agnets 
all round it, but they would make no impression.

Mr. J o b l i n g  : W here does the gyro weight come in. And 
how do you ad just th a t for differences in the course.

The A u t h o r  : So far as autom atic steering is concerned, it is 
convenient to regard the apparatus as the muscle which turns 
the steering wheel, while the gvro compass, which is a separate 
un it, may be regarded as the brains of the complete equipm ent. 
The indications of the m aster compass are communicated to the 
autom atic steering device by means of electrical impulses and 
nothing more. Thus the gyro compass itself is not interfered 
w ith when an alteration  of course is required, which function is 
performed by moving the small wheel on the gyro pilot.

The C h a i r m a n  : I t  is in teresting  to see the progress which is 
being made in these m atters. I  understand th a t w ithout com
passes of this class we could not navigate certain  classes of 
vessels, submarines in particular. I  believe th a t two b a ttle 
ships were placed a t the disposal of the German naval au thori
ties prior to 1914 for experim ent in th is problem.

I  am sure I  am voicing the feeling of the m eeting, when I 
propose a very hearty  vote of thanks to Mr. Clifford for his 
paper.

Mr. Clifford briefly acknowledged the vote of thanks and 
expressed readiness to answer any further question which may 
be sent to him  in w riting.

------------o------------
Notes.

“ N o r t h  E a s t e r n ”  D o u b le  A c tin g  F o u r  S t r o k e  D ie s e l  
E n g in e  f o r  M.S. Stentor. (A. H o l t  & Co., L iv e rp o o l) .-—T his 
en g in e , w hich is th e  firs t of a new  type  to  be p u t in to  service, 
w ill p ro pel th e  m ost pow erfu l sing le  screw  m o to rsh ip  afloat. 
I t  is the  re su lt  of fo u r y ea rs  ex p erim en ta l w o rk  ca rried  ou t 
jo in t ly  by  The N o rth  E a s te rn  M arine E n g in e e rin g  Co., L td . ,
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W allsend-on-Tyne, and M essrs. W erkspoor, Am sterdam , the 
leading particulars being as follows

6 Cylinders.
820 m /m  (32J ins.) Bore.
1.500 m /m  (59 ins.) Stroke.
4.500 B .H .P . in Service at 95 R .P .M .

The experim ental engine at W allsend is a unit of large size, 
the cylinder bore being 800 m /m  (31i ins.) and the stroke of 
piston 1,400 m /m  (55 ins.) and has been running  for the past 
three years, the experim ental work has been very extensive, 
and includes four continuous runs of from 21 to 80 days dura
tion, the engine having turned over 30 million revolutions 
during th a t period.

In  the engine under review the usual accessibility  of the 
piston for inspection and overhauling so well tried  out in the 
N orth  E astern  Single A cting E ngine has been retained in the 
Double A cting E ngine. Incidentally , this makes the inspec
tion and gauging  of the in ternal surfaces of cylinders a com
paratively  easy operation. The valves a t both top and bottom  
of cylinder can be quickly and easily removed where necessary.

The cylinder heads are of P erlit Iron , and of the well known 
single acting  design w ith  fuel valve off the centre line, thus 
giving ample w ater space between the valve ports. The 
cylinder liner is separate from the head, the jo in t being ju s t 
above the travel of the top piston ring , thus perm itting  of a 
new liner being fitted to the existing head. Studs and nuts at 
this jo in t are of stainless steel. The necessary valves for 
bottom  end of cylinder are housed in a separate combustion 
cham ber, which is bolted to the bottom  cover w ith a ground 
jo in t. The bottom  cover, com bustion cham ber and stuffing 
box are of P e rlit Iron .

The piston rods are 11 ins. diam eter, and of special alloy 
steel w ith  a 2 |  ins. hole up the centre for the passage of piston 
cooling w ater. A large flange is provided at the top end to 
which the  piston is bolted, th is being the only jo in t in the 
piston, and the connecting bolts are of' nickel chrome steel.

The pistons are of P e rlit Iro n  and carry 11 rings, and a 
special packing of N .E .M . design and m anufacture is fitted to 
the piston rod stuffing boxes, which are separate from, and 
bolted to, bottom  of cylinder cover, thus fac ilita ting  exam ina
tion of the packing. A recess is provided in the piston between 
upper and lower groups of rings which com municates w ith a
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test valve connection in cylinder walls when crank is on bottom  
dead centre, the valve being opened a t the correct m oment by 
a cam. A connection from  th is valve to a pressure gauge 
shows whether any leakage is tak ing  place past the piston 
rings. Fresh  w ater is used in the pistons, a cooler being 
m ounted on the engine column, and the w ater is conveyed to  
and from the pistons by means of heavy gauge telescopic pipes 
m ounted to the astern guide shoes. The packing of these pipes 
has received special atten tion  on the experim ental engines, and 
a com bination type fitted in a stuffing box having some degree 
of flexibility has been found to give entirely  satisfactory 
results.

The engine fram ing com prising cast iron “  A ”  columns has 
been designed on the same lines as the experim ental engine, 
and also as the Single A cting Engines of the M.Y. Raby Castle, 
which have proved so satisfactory in service.

The crankshaft is 21 ins. diam eter, and built up on the 
“  U nity  ” system of construction, and is perhaps the largest 
shaft so far built in this country.

The top halves of main bearings are held down by cast steel 
keeps supported by nuts on the main bolts, which are carried 
rig h t th rough  from top of cylinder beams to the under side of 
bedplate.

Each crosshead is guided by one ahead and two astern  guides, 
there being sufficient space between the la tte r  to allow the top 
end of the rod being swung outwards, and the whole of the 
main running  gear is forced lubricated.

The engines are reversed by means of sliding the cam shaft. 
The top rocking levers are m ounted on eccentrics on the revers
ing shaft, which carries a scroll-cam for sliding the cam shaft.

The operation is as follow s:—
(1) P u t s ta rting  shaft to stop position, in which position 

eccentrics and cams on th is shaft lift the  bottom  valve levers 
clear of the cam shaft cams.

(2) Move reversing shaft from (say) ahead to astern , the 
first 120 degrees of this m otion lifts the top valve levers by 
means of the scroll-cam, and the last 120 degrees drops the 
levers on to the top astern  cams.

(3) Move sta rting  shaft to “ 6 cylinders on A ir,”  after 
which the sequence of operations will be as indicated la ter.



In te rna l Combustion Engine of th e  “ S tentor,” Double-acting, Four-stroke w ith six cylinders, 32iin. diam . x 59in. stroke.
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The reversing shaft is rotated  by means of a rack and pinion, 

the pinion being cut on the shaft, and the rack driven direct 
by an air cylinder in conjunction w ith  an oil dam ping cylinder.

The starting  shaft is tu rned  by means of a compressed air 
m otor, and has 5 positions, as follows :—

1. Stop.
2. 0 Top Cylinders on Air.
3. 3 Top Cylinders on Air, 3 Top Cylinders fuel.
4. 0 Top Cylinders fuel, p reheating  on Bottom .
5. 6 Cylinders double acting.
In  all positions of s ta rting  shaft except (5) the bottom  

exhaust valves are held open, and the bottom  inlet valves are 
out of gear and shut.

The sta rting  shaft actuates the main s ta rtin g  valves in the 
standard way, and also controls the fuel pumps and the blast 
air.

The engine is fitted w ith one fuel pump per cylinder of the 
double acting type, one end supplying the top of cylinder and 
the other supplying the bottom . Fuel supply is controlled by 
the suction valve lift, which is held open for a g reater or less 
proportion of the stroke. An Aspinall Governor also controls 
the suction valves of the fuel pumps.

The cam shaft is driven by a pair of' crank shafts, gear wheels 
being introduced to keep the length  of coupling rods down to 
previous satisfactory practice.

A general idea of the engine will be obtained from the photo
graph reproduced.

AW ARDS.
L loyd' s R egister Scholarship.— A f ter  the exam ination 

papers were examined and the results tabulated , the full p a r 
ticulars were submitted to L loyd’s R eg is te r  of Shipping, and 
discussed, when it was decided to call the th ree  candidates who 
gained the h ighest m arks for a fu r ther  examination as to the ir  
personality  and outlook. This was a r ranged  for and carried 
into effect a f ter  which the following report was forwarded to 
the Secretary of L loyd’s R eg is te r  of Shipping for fu r the r  con
sideration and final decision: —

“  In  accordance w ith the view expressed after subm itting  
the results of the E xam ination and the details as to the can
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didates who gained the three highest places, arrangem ents 
were made to have each of them  interviewed by two Represen
tatives from L loyd’s R egister of Shipping and two R epresen
ta tives from  the In s titu te  of M arine E ngineers, together w ith 
the H onorary Secretary.

The candidates were interviewed on June 17th in the follow
ing order:

R. T . Gardiner, age 20, from Cork, where he has been serv
ing his apprenticeship. N um ber of m arks gained in all— 049.

J . R . Morgan, age 22, from B arry , where he served his 
•apprenticeship. Num ber of m arks gained in all— 597.

E . R . H a ll, age 20, from Plaistow , London, E ., where he is 
serving his apprenticeship. N um ber of m arks gained in all— 
<564.

The Committee of R epresentatives, after exam ining each one 
separately, came to the unanim ous conclusion th a t the three 
were all good examples and well w orthy of support and encour
agem ent in their desire to progress in study and research, both 
in theory and practice.

Careful consideration was given to each case on its m erits, 
and  it was resolved to rectommend th a t the Scholarship be 
awarded to R . T. Gardiner.

W ith  fu rth e r reference to J . R . M organ, who has attem pted 
the exam ination and gained second place on three occasions, 
1924, 1925 and 1926, and would be over the  age lim it of 23 
next year, a sym pathetic view was taken  and the In s titu te  
decided to g ran t £10 to M organ to assist him in his study 
tow ards obtained the B.Sc. Degree.

W ith  regard  to E. R. H all, he was encouraged to keep on 
studying and have another tr ia l next y ea r.”

J ames A damson,
H on. Secretary.

L loyd’s R eg iste r of Shipping has decided th a t the Scholar
ship be awarded to R . T. G ardiner, who will enter upon his 
U niversity  Course on the opening of the Session.— J. A.

The following is from “ L loyd’s L ist and Shipping G azette,” 
of F ebruary  10th. A copy of the Paper quoted is in the R ead
ing  R oom : —
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F u t u r e  o f  S team .—An im portant and valuable paper was- 

read last n ig h t before the Institu tion  of Engineers and Ship
builders in Scotland by Sir Jam es Kemnal, on “ The Develop
ment of Increased Efficiency in Steam A pplication for M arine 
Purposes,”  from which we have extracted the following pas
sages : —

Increased efficiency, both in land installations and 011 board 
ship, w ith increased economy in fuel, as well as the desire to 
make steam installations give the same calorific efficiency th a t 
is obtainable from the Diesel engine, is the origin of many im 
provements th a t have appeared in steam plant. These im prove
ments are based m ainly upon increases of pressure, feed tem 
perature, and tem perature of the superheat, and are restricted in 
the last case to the lim it th a t the m aterial of which the super
heaters are made will stand.

The scientific foundations and advantages in connection w ith 
increased tem perature and pressure have, of course, been known 
since the days of Carnot, H irn , R ankine and others. M any 
years ago Perkins bu ilt m arine m achinery to work at a steam 
pressure of 1,500 lb. per square inch, but his attem pts failed 
owing to the lack of mechanical facilities, and of the knowledge 
and m achinery required for the construction of suitable boilera 
and engines.

Heat C ontent.— The gain due to h igher steam pressure arises 
partly  from the fact th a t the heat content per lb. of steam, 
while it increases slightly  up to 350 lb. per square inch, com
mences then to dim inish slowly, and, therefore, as the pressure 
is increased above 350 lb., no more heat, bu t theoretically  
slightly  less, has to be transferred  from the fuel to the water at 
the increased pressure. Consequently, w ith suitable arrange
ments of the turbine, greater u tilisation  of the steam can be 
obtained from the fuel at the h igher pressures.

I t  should be observed at the outset th a t the efficiency of the 
boilers is not m aterially  modified, bu t changes in  design and 
construction have been made to enable h igher pressures to be 
used, with which, per un it of steam, more work can be done by 
the machine. I t  is only in com paratively recent times th a t th e  
construction of steam generators, suitable for these high pres
sures, has been studied and become practicable, and the results 
obtained have been entirely  from land installations. The de
velopm ent of the application of h igh  pressures has taken place 
in two directions : —-



NOTES. 49
(1) In  u tilis ing  pressures of 600 or TOO lb. per square inch 

in new turbines which exhaust a t pressures of from 250 to 350 
lb ., and using th is exhaust steam in  existing plants.

(2) In  specially constructing turbines to utilise h igh  pressure 
th roughout the whole range, by increasing the stages of expan
sion in the one machine and reheating .

P lan t Abroad .— Of the form er, the most prom inent in sta lla
tion is a t the Societe d ’E lectricite  de F landre  Langerbrugge 
Power Station, working at a pressure of 56 atmospheres (800 lb. 
per square inch). A t th is station the anticipated  results have 
already been achieved, and i t  is expected th a t eventually a 
therm al efficiency of from 28 to 30 per cent, will be realised. 
This is not far, if  at all, short of w hat is obtained w ith the 
Diesel engine, and has this advantage, th a t a very much cheaper 
fuel, oil or coal, can be used for generating  steam.

Of installations of the second category referred to, the Philo  
Station of the Ohio Power Company and the Crawford Avenue 
Station of the Commonwealth Edison Company are the most 
prom ising practical examples. Each has a working steam pres
sure of 650 lb. per square inch, and a tem perature of 750 deg. F . 
There are m any other installations in  America which will 
shortly prove strik ing  examples of the increased economy due to 
h igh pressure.

For some tim e boilers have also been constructed to work at 
from 500 to 1,250 lb. steam pressure, m ainly for testing  valves, 
etc., notably a t the Hancock Insp ira to r W orks, the Consolidated 
Safety Yalve W orks, and Babcock and W ilcox’s W orks a t D um 
barton.

In  the tria ls carried out at the Philo  Power Station, one kilo
w att was generated at an expenditure of between 13,000 and
14,000 B .T h .U .’s, which, converted into shaft horse-power for 
m arine purposes would be under 10,000 B .T h .U .’s, correspond
ing to a therm al efficiency of about 25 per cent.

In  all these installations, Babcock & W ilcox boilers, super
heaters, economisers, and reheaters are used, this type of 
boiler being the only one adopted on a commercial scale, and 
w ith which definite results are recorded. A t present there are 
no large installations in E ngland working at these h igh pres
sures, excepting the forerunner, which was designed by Mere 
& M cLellan for the N orth Tees Power Station of the Newcastle- 
upon-Tyne E lectric Supply Company, where for five years ten 
boilers have been working at 500 lb. pressure, and quite recently
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another eight boilers have been installed , and are now in use. I 
have seen no records from this installation , bu t it  is understood 
th a t the gain in economy, due to the higher boiler pressure, is 
from 4 |  to 5 per cent., exclusive of the gain due to reheating 
and bleeding for feed-water heating.

In  Germany the question of h igh  pressures has been taken 
up w ith avidity . Over 100 boilers, having an aggregate heat
ing surface of 68,000 square metres and of varying designs, are 
a t present being constructed. There is also an in teresting  in 
stallation being carried out by Babcock & W ilcox a t the E lec
tric  Power Station at Am sterdam , where the boilers are in 
tended to work a t 620 lb. pressure, w ith a superheat tem perature 
of 795 deg. F ., and to supply 156,800 lb. of steam per hour to 
a new turbine which exhausts a t a steam pressure of 230 lb. 
This exhaust steam is resuperheated in  the reheater in tegral 
w ith the boiler to 795 deg. F ., and is then conveyed to the 
original low-pressure turbines. This arrangem ent is very 
sim ilar to th a t of the F landers installation , excepting th a t in 
the la tte r  there is no reheating , but a h igh  in itia l degree of 
superheat of 954 deg. F . U nder th is tem perature, durab ility  
is at least an open question. The Am sterdam  boilers are fitted 
with appliances for burn ing  pulverised fuel, the installa tion  of 
which was also carried out by the boilermakers.

Several other plants m ight be m entioned which also have re
heaters, notably the Philo  and Crawford Avenue plants, the 
N orth Tees p lan t, and a station working a t 400 lb. pressure at 
B arking, designed by Merz & McLellan for the County of 
London E lectric Supply Company.

In  order to deal more effectively w ith the h igh tem perature to 
which the steam is superheated, the superheaters are placed 
nearer the furnace zone than  form erly. Nevertheless, the 
m aterial a t the present tim e on the m arket from  which super
heater tubes can be made places the probable lim it of working 
tem perature at about 750 deg. F .

M a rine W ork .— Recently the question of adopting h igh pres
sure in  m arine work has come to the front, and a Clyde steamer, 
at present being built in  D um barton for the Turbine Steam N avi- 
gation Company, will be fitted w ith high-pressure boilers and 
turbines for a working pressure of 500 lb. per square inch. The 
boilers, in  which lightness of weight and low first cost were the 
main considerations, are being constructed by Messrs. Yarrow 
& Co.., and the results obtained from th is innovation will be 
followed by m arine engineers with great in terest. In  this case,
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in  o lder to help the boilers, the condenser of the m ain engines is 
being made in  two sections, so th a t one section can always be 
in  use while the other is under repair. The boilers approxi
mate more closely to the type fitted in  destroyers, which is, per
haps, not the most suitable for general m ercantile work.

Sir Charles Parsons asserts th a t w ith h igh  pressure and super
heat, turbine installations can, undoubtedly, be carried out in a 
practical m anner to give the same therm al efficiency as the 
Diesel engine, and w ith lower runn ing  costs. The sectional 
design of the Babcock & W ilcox boiler has proved itself excep
tionally  adaptable for h igh pressures, and boilers of th is design 
have recently been pu t forward for pressures of 1,500 lb. per 
square inch. The tria ls a t the Edison- Illu m in a tin g  Station, 
W eym outh, w ith a pressure of 1,2001b., are awaited w ith great 
in terest. In  these high-pressure installations, the greatest care 
is required in the design of and m aterials for boiler m ountings, 
such as w ater gauges, safety valves, stop valves, etc., for on 
these fittings the success of h igh  pressures largely depends.

As riveted steam drums require exceptional care in m anu
facture, solid-drawn steam drums have been preferred for pres
sures of 600 lb. and upwards. A lthough the Langerbrugge 
drum s have been made riveted, and have proved to be quite 
satisfactory a t 800 lb. pressure, the care necessary in th e ir  con
struction made them  almost as costly as solid-drawn drums.

Comparative Costs.—Assuming a fuel value of 18,500 B .Tli.U . 
and 25 per cent, therm al efficiency, w ith  oil-fired boilers and oil 
at £ 3  5s. per ton, the cost of fuel for producing 1,000 s.h .p . is 
about 193 pence, and compared w ith 30 per cent, therm al effi
ciency, and oil suitable for a Diesel engine at, say, £ 4  per ton, 
the cost of the la tte r  will be 196 pence. The saving in fuel 
cost per s.h .p . in  the boiler installation , w ith h igh  pressure and 
superheat, m ay even be anticipated  to be about 2 per cent, com
pared w ith  the fuel cost per s.h .p . w ith  Diesel engines, and I  
have no doubt th a t seagoing plants, in  which the advantages 
of the steam engine w ill be obtained at no greater expenditure 
for fuel and much greater convenience and elasticity , will soon 
become general.

W ith  coal burn ing  the comparison would be still more favour
able, and the cost of fuel would be about 143 pence per 1,000 
s .h .p ., w ith  coal a t 25s. per ton and 11,000 B.Th.TJ heating  
value, and this allows for the falling  off in boiler efficiency due 
to hand firing, bu t in  the most modern m arine installations
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mechanical stokers are introduced, which would still fu rther 
considerably reduce the fuel cost.

The following paragraphs are from the “ Liverpool Jou rnal 
of Commerce,”  of June 3rd.

R e o rg a n is a t io n  o f  S h ip b u ild in g  I n d u s t r y .  —  There is a 
n atu ra l assum ption th a t the final report of the Jo in t Committee 
of employers and representatives of shipyard unions will con
tain  definite recom m endations concerning the reorganisation 
of yard operations and reforms in other directions, w ith the 
object of reducing shipbuilding costs and inducing shipowners 
to place orders for new tonnage. I t  is the opportunity of lay
ing new keels which is the prim ary requirem ent a t the present 
tim e, wrhen old work is being completed and new contracts 
assum ing the ra rity  of angels’ visits. I t  will be recalled th a t 
in the in terim  report of the Jo in t Committee a num ber of 
definite practical suggestions were made, the wisdom and ex
pediency of which have not been challenged, notw ithstanding 
th a t the shipyard unions deferred action until the inquiry was 
completed and the final report presented. As th a t report 
should be available in the near fu ture  trade union representa
tives will be called upon at an early date to show w hether they 
have the courage to recommend for acceptance a num ber of 
changes in w orking conditions, details of which were in the 
in terim  report, and which m ust make an appeal as being neces
sary in the in terests of every man engaged in shipbuilding. 
The recommendations covered questions in connection w ith 
continu ity  of work, in terchangeability  and substitu tion  in 
cases of shortage of craftsm en. M any examples of continuity  
of labour which would tend to reduce production costs were 
given in an appendix to the report, and the examples quoted 
of work of an interchangeable character w'ere even more 
num erous. The suggested reform s applied to shiprepairing as 
well as shipbuilding, and are an outstanding dem onstration of 
the care w ith which the whole of these questions were examined 
by  men who have an in tim ate practical knowledge of the tech
nique of shipyard practice.

R e p o r t  o f  N o r t h e r n  F e d e r a t io n  A ll ia n c e .  —  Meanwhile 
another report has made its appearance. I t  refers to the ship
building- and coal and iron and steel industries, and is the work 
of the N orthern Section of the N ational Alliance of Em ployers 
and Employed. No surprise has been created by the fact th a t 
some of the recommendations made follow the same lines as
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"those put forward in the in terim  report of the Jo in t Committee 
o f the shipbuilding industry . Stress is laid on the effect in 
swelling costs of m anufacture of too rig id  adherence to de
m arcation rules, the need of g reater use being made of labour 
aiding m achinery, the desirability  of a wider adoption of the 
system of paym ent by results, the placing of checks on unre
stricted  output, the im portance of cheap fuel and lower charges 
for transport, and the reduction of national expenditure. I t  
is a safe prediction th a t some of these recom m endations will 
be repeated in the final report of the Shipbuilding Committee. 
All these are points which bear very closely on the revival of 
shipbuilding. Not only has the shipowner to be a ttrac ted  into 
th e  new tonnage m arket by proof being given th a t costs in 
B ritish  yards have been got down to the lowest level possible, 
bu t home shipbuilders m ust be put in a position to offer effec
tive com petition w ith foreign yards, and not only prevent the 
diversion abroad of work for B ritish  shipowners, but a ttrac t a 
large share of the orders on foreign account, which used to 
occupy an im portant place in the activities of home shipyards. 
In  addition to the general m atters referred to above as reform s 
essential to the recovery of B ritish  industry , the final report of 
the  Jo in t Committee will doubtless lay stress on the need of 
supplies of shipbuilding m aterial and equipm ent being avail
able at lower prices. Here, of course, the shipowner can help 
by waiving some of the very rig id  clauses of his contracts, and 
allow ing shipbuilders to obtain a num ber of item s of equipm ent 
on com petitive and not monopoly term s. The shipping and 
shipbuilding industries are to a g rea t extent partners in the 
same enterprise, and if the new tonnage required to m ake the 
B ritish  m erchant fleet the newest and the m ost efficient in the 
world is to be obtained a t prices which will prove a ttrac tive , 
the leaders of the two industries have to pull together ra ther 
than take up the positions of buyer and seller. A prosperous 
and active shipping industry  is impossible w ithout it has 
behind it or beside it a virile and successful shipbuilding in
dustry. The two are independent to an extent which is not 
always fully realised. In  addition to m aking in ternal reform s 
in organisation, systems of w orking, and, where necessary, 
equipm ent, shipbuilders require the co-operation of shipowners. 
One cannot doubt th a t it will be given freely and in full 
measure.

Sh ipo w n er s  and Commercial A v ia tio n .— In  his address to 
the Southam pton Chamber of Commerce, which was reported 
in “ The Journal of Commerce,”  Sir Sefton B rancker made a
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point which has been presented m any tim es in these notes. I t  
is th a t the shipowning industry  should take a prom inent p art 
in the work of the  development of transport by air. As to th e  
scope of th is industry, of which only the in itia l stages have as 
yet been accomplished, the statem ent that since 1919 B ritish  
aircraft have flown 4,750,000 miles and carried 700,000 passen
gers, as Avell as a considerable tonnage of goods, will indicate 
the traffic expansion which would be possible if the big ship
ping companies were to take a hand. The airship scheme, 
which is being backed by the Governm ent, will in itia te  a ir 
transport on the Em pire routes, for which a t present the ship is 
the only method. Sea transport should not be displaced, b u t 
ra th er stim ulated by the alliance w ith it of air transport to  
carry  over long distances passengers and cargo of special kinds, 
a t the high prices which it should be possible to charge for 
rapid transport a t each end of the m ain sea routes. The pre
cise role of the airship, the flying boat, and other types of a ir
craft in relation to the sea-going ship can only be determined 
by experience. One advantage which shipping companies 
would possess over independent enterprises is th a t they have 
established the organisation and possess the personnel required 
to handle transport business, and would not leave to sta rt 
de novo. Sir Sefton B rancker impressed on dock and harbour 
au thorities the need of giving atten tion  to the provision of 
facilities for a ircraft at all the world’s principal ports. He 
emphasised the fact th a t the lead in long distance air transport 
should, as a m atter of rig h t, be undertaken by a m aritim e 
Pow er such as G reat B ritain .

O il  P ollution Congress.— The Congress which is to be held 
a t W ashington  to fram e in ternational action in connection w ith
oil discharge will have the opportunity  of rendering useful 
service. I t  is a subject which has occupied the attention  of 
shipowning organisations and public bodies on m any occasions, 
and came up for discussion at the recent In ternational Shipping 
Congress. The Liverpool Steam Ship Owners’ Association 
appointed a committee, which has given special consideration 
to the problem and made certain definite recom m endations. 
In  his contribution to the subject, which appears elsewhere in 
to-day’s issue, Mr. Sandford Cole, referred to the proposal th a t 
the fitting  of oil separators on board ship should be made com
pulsory, as th is rem edy would deal w ith the evil a t its source. 
I t  has been suggested th a t the forthcom ing conference should 
recommend legislation  to this effect in all m aritim e countries. 
There is, of course, general agreem ent th a t identical regu la
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tions should be brought into force in all countries, but the 
Liverpool com mittee expressed the opinion th a t the compulsory 
fitting  of separators is undesirable. The action suggested by 
th a t com mittee is th a t any regulation—which should apply only 
to crude petroleum , fuel, and Diesel oil— should prohibit the 
discharge of oily ballast w ater and tan k  w ashings by all vessels 
other than naval craft w ithin  150 miles from shore. The case 
of naval vessels would, it is assumed, be dealt w ith  by 
A dm iralty  authorities. I f  th is regulation  w ent th rough, it is 
though t the whole difficulty could be overcome th rough  the 
provision by port au thorities of separating  barges or other 
receptacles in adequate num ber, and th a t the need for the fit
tin g  of separators on ships would disappear. The In te r
national Committee has not laid down any hard and fast rules. 
I t  is stated  in their report th a t the trouble is being gradually  
minimised. Adm ittedly, however, the holding of the W ash
ington Congress is a good move, and if identical in ternational 
regulations can be fram ed, the problem  will no doubt be solved. 
The increase in the use of oil fuel renders it im perative th a t 
steps should be taken  to end the practice of indiscrim inate oil 
discharge. V oluntary  action has achieved much, bu t it is a 
question for in ternational regulations.

“  B y e-P roducts ”  of O i l .— The news th a t the m embership 
of the B oilerm akers’ U nion has fallen by a m atte r of eight 
thousand is a rem inder th a t the m iners are not the only ones 
to suffer in an age of oil, a lthough the fac t th a t so much of the 
oil is burned under boilers is evidence th a t the economic burden 
upon the boilerm akers is not yet so severe as th a t which afflicts 
the coal trade. I f  the whole B ritish  M ercantile M arine tu rned  
forthw ith  to oil, some boilers would still be needed. A t the 
same tim e, the changes which recent years have seen in the 
science of ship propulsion have had very far-reaching effects in 
quarters of which little  is usually heard. I t  is easy for the 
general public to realise th a t the conversion to oil of a big ship 
like the M auretania, which had previously absorbed practically  
the whole output of a large m ine, m eant th a t th a t mine had 
either to find another custom er or else go out of business. I t  
is not so generally  realised th a t the decision to fit Diesel 
engines in the A sturias m eant not only th a t there was no hope 
of selling coal to the Royal Mail Steam  Packet Company on her 
account, bu t also th a t a num ber of harm less necessary boiler
m akers lost several m onths of w o rk ; th a t the m akers of feed 
pumps, lagg ing  m aterials, boiler m ountings, and even such 
m inor equipm ent as firing tools and hydrom eters, were like
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wise faced w ith a reduction of the ir means of livelihood. I t  is 
alm ost as certain  th a t a few a t least of the annual stream  of 
inventors of boiler accessories have been obliged to tu rn  to 
other possible m arkets or to allow their precious and hardly- 
won patents to lapse for lack of the w herew ithal to keep them  
going. The m aking of a Diesel engine is a complicated busi
ness, but it is doubtful w hether its beneficial effect in this 
country is as widespread as the loss occasioned by the abandon
m ent of steam, regarded in the ligh t of engineering employ
ment.

To Solve t h e  Coal P roblem .— An im portant statem ent on 
the coal problem has been issued by Sir George B. H unter, 
K .B .E ., chairm an of Swan, H un ter and W igham  Richardson, 
L td ., the well-known shipbuilders.

Summing up the situation. Sir George sa y s : There is no 
longer even the excuse of endeavouring to avoid the loss to the 
country entailed by a stoppage of work for delaying longer to 
face the real fundam ental needs of the situation. The true 
problem is not a specifically coal problem, bu t one in which 
industry  as a whole is concerned. I t  may be stated as follows :

1. The depression in the coal industry  and in the other great 
industries of the country is due alm ost entirely  to the fact th a t 
the products of our industries have been supplanted in the 
w orld’s m arkets by goods produced abroad at lower costs owing 
to longer hours of work and lower rates of wages.

2. Our trade can be regained by such modifications of work
ing conditions in this country as will enable us to compete on 
more nearly equal term s with foreign producers. The most 
urgently  necessary of these changes in the case of the coal 
industry  is the restoration  of the eight hours day underground 
in the mines.

3. W ages and working conditions in sheltered occupations 
m ust be reviewed w ith  the view of securing a fairer d istribu
tion of wages as between workers in the productive industries 
exposed to foreign competition and w orkers in sheltered occu
pations.

4. The results of political interference in industry diiring 
the past few years have been disastrous, and the Government 
should set its face definitely against the false theory that- by 
in terfering  w ith the conduct of the industry  they can either 
assist in rem oving industrial unrest or foster industrial pro
gress. Experience proves th a t they only aggravate the one
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and ham per the o th e r ; and the best service they can now render 
in the present crisis is-—

1. To repeal th a t Seven H ours Act of 1919 and thus leave 
the parties themselves in a position effectively to negotiate an 
economic settlem ent of the m ining dispute.

2. To abandon the idea of placing the coal industry  in lead
ing strings as suggested in the report of the Coal Commission, 
and to rely on the sp irit of progress which is innate in industry 
to continue the record of successful achievem ent which has 
always been the proud boast of the coal industry  in common 
w ith B ritish  industry  generally. The proposed policy of Gov
ernm ent bureaucratic interference, regulation  and restriction , 
which is midway between nationalisation  and free com petition, 
m ight well prove worse than  nationalisation  itself.

Coal or Oil  ?— Presid ing  at the annual m eeting of the 
N itrate  Producers’ Steam ship Co., last week, Sir John L atta , 
B art., discussed the pros and cons of the steamer-Diesel contro
versy. Sir John said :—

A fter full deliberation we have contracted for two new 
steam ers sim ilar to the “ Anglo In d ian ,”  in preference to Diesels. 
The la tte r I  believe to be as efficient and likely to prove as 
durable as the steam engine, are independent of coal strikes, 
and w hat is alm ost as expensive, the perennial threatened 
strike, have a wider range of economic possibilities, and from 
the m anager’s point of view easier to operate. There are, how
ever, m any other considerations, and where a speed of 10 to 11 
knots suffices, and the purpose general trad ing , we are of 
opinion th a t on to-day’s capital and present w orking costs, 
steam ers fitted w ith quadruple engines using superheated 
steam, show a higher re tu rn  on the capital involved.

Diesels can carry, or ra ther are forced to carry, bunker oil 
in their ballast tanks. W hen cargo is unobtainable this is not 
an unm ixed blessing, particularly  when the quan tity  of fuel is 
lim ited to th a t required for an A tlantic trip  in w in ter tim e. 
To-day there is a g rea t shortage of outward and interm ediate 
cargoes, entailing  m any trips in ballast. Coal bunker capacity 
does not add much to capital cost, and the substantial w eight 
of the fuel gives the steam er a grip  of the w ater. A Diesel 
vessel of 9,000 tons capacity, w ith  electric auxiliaries, costs 
roughly £35,000 more than  a steam er of 10,000 tons capacity. 
In  the vicissitudes of trad ing  the special m ercantile properties 
of each are about equally divided. Diesels in the European
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trade lift bunker oil abroad for tbe re tu rn  journey, thus shut 
out cargo on the slant upon which freigh ts are h ighest, lessen
ing to a slight extent their apparent extra earning power.

Moreover, in the m ain, the price of coal, relative to oil, 
seems the more likely to decline. That raises a very im portant 
factor for the consideration of colliery proprietors in m arketing  
v irgin  coal. W hen hunker coal held the field, they at certain 
v irg in  coal centres abroad could w ith im punity ignore first cost 
and exact undue profits as opportunity adm itted. Those days 
are, however, past, and the change m akes it incum bent on them 
in their own in terests to act reasonably and come to the assist
ance of the steam er in its fight w ith the Diesel, especially in 
the southern Hem isphere, viz., Chili (Coronel), the Cape, 
A ustralia, and New Zealand.

U nfortunately , a t the most v ita l point, v iz .: N atal, far from 
recognising the p ligh t of the steamer, suppliers, in defiance of 
all economic laws, and of their obligations to old clients, sub
sidise coal exports by a heavy surcharge 011 bunker coal. The 
principle they adopt autom atically  exposes its injustice. For 
export coal the ir f.o .b . price is 15s., while bunkers for the 
transporting  steam er are supplied at about the same price. On 
the other hand, if a steam er calls for bunkers only, the extor
tionate price of 27s. 6d. per ton is exacted. Coal cannot com
pete w ith oil 011 such term s. In 1915, the cost was lGs. Gd., 
and the restoration of tha t figure is long overdue. I have been 
told th a t the Central South A frican Railways are the real 
culprits. I f  th a t is so, I  th ink  our Governm ent should make 
friendly representations to the Cape Government 011 the sub
ject. I t  is of param ount im portance to the B ritish  Em pire 
th a t coal should rem ain the cheapest power producer. The 
a rb itra ry  differentiation mentioned constitu tes a grave in jus
tice to the shipowner at an extrem ely crucial period in the 
history of the steamship.

The following is quoted from “ Syren and S h ip p in g ”  of 
June 2 3 rd :—

The M arine D epartm ent of the Board of Trade have issued 
an im portant notice concerning Circular 1647, according to 
which passenger steamships using oil fuel are required to carry 
an apparatus for determ ining the flash point of the oil sup
plied to the ship. W hen this circular was issued there was 110 
standard apparatus for this purpose, and accordingly, on the 
recommendation of the D epartm ental Committee of 1920, it
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was provided th a t the Abel tester cup, approved by the Board, 
m ight be used for this purpose un til a standard  apparatus had 
been devised. A specification of such a device has now been 
prepared by the S tandardization Committee appointed by the 
in s titu te  of Petroleum  Technologists. The apparatus, which 
is designed for testing- petroleum  having- a flash point above 
120° E. is described as the “ Standard Pensky-M artens T este r,” 
and will be certified by the N ational Physical L aboratory. I t  
is now on sale, and where new apparatus for th is purpose is 
required for use on passenger ships, it m ust be of a type tested 
and certified by The N ational Physical Laboratory, such as 
the type named. No objection, Board of Trade Surveyors are 
advised, need be raised to the continued use of p lan t which has 
already been supplied, or purchased for supply, to passenger 
ships using oil fuel, provided it conforms to the requirem ents 
of Circular 1647. W ith  regard  to the w orking of the Pensky- 
M arten device, the oil to be tested  is heated in an a ir bath , 
which may be either a flame-heated m etal casing, or an elec
trical resistance e lem en t; the im portant point in  either case 
being the ra te  of heating . The standard  specification for the 
electrical heater has been drawn up by the Petroleum  D epart
m ent and agreed to by the In s titu te  of Petroleum  Technologists, 
and heaters com plying w ith the specification can now be ob
tained. Each is m arked w ith the voltage for which it is con
structed , which should be the same as the voltage of the elec
trical system on board the ship, and the heater should always 
be used a t the proper voltage. Purchasers are advised th a t 
full instructions are supplied w ith such apparatus, and it '"s 
essential th a t the instructions should be carefully adhered to, 
otherwise incorrect results may be obtained.

B oiler  E xplosion A cts, R eport  2770.—W hile on a voyage 
from Newcastle-on-Tyne to Genoa, off Cape De Gata, an explo
sion occurred in one of the two main boilers of the Blairmore.

The boiler, bu ilt in 1901, was 15 ft. diam. by 10 ft. long, 
w ith three plain furnaces, steam  pressure 160 lbs. In  January , 
1924, a wasted part of the centre combustion cham ber back 
plate of the starboard boiler was reinforced by electric welding 
round the bottom  starboard  stay. In  Jan u ary , 1925, several 
defective smoke tubes were renewed, three stay holes in the 
centre com bustion cham ber side plate were b u ilt up by electric 
welding on the w ater side of the plate, and the landing edge 
of the riveted jo in t of th is plate was also built up. W hen off
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Cape De (la ta , in the m orning a severe hissing sound was 
heard, and about half an hour la te r w ater issued from the 
centre furnace of the starboard boiler, and gradually  increased 
to such an extent th a t the fires had to be drawn and the boiler 
emptied. Exam ination revealed the cause of the leakage to 
be due to a hole in the back plate of the centre combustion 
chamber, adjacent to the electric welding wdiich was done in 
January , 1924.

On ham m ering the plate ligh tly  the hole increased to f  in. 
diam. fully. An attem pt was made to plug the hole w ith a 
bolt and washer plate, but due to the badly corroded surface 
on the w ater side, a tig h t fit could not be m anaged, and so 
steam from the port boiler was used to carry on to C artagena, 
where the defective portion of the plate was repaired by a 
patch electrically welded.

On re tu rn  to the Tyne the defective lower portion of the back 
plate was cut away and a new portion fitted. The boiler was 
afterw ards tested by hydraulic pressure to 200 lbs.

The investigation was conducted by Mr. R . F . Manson, 
Board of Trade Surveyor.

The observation made by the E ngineer Surveyor-in-Chief 
was to the effect that the repair carried out in 1924 was not so 
thorough as it should have been, and the w ater side of the 
plate was not closely examined to ascertain  its condition. The 
removal of the bottom  portion of the plate was well advised.

R eading R oom and L ib ra ry .— A  donation of £2  is acknow
ledged with thanks to R obert Clark, Member.

------------o-----------

Books  added to the Library.
By the courtesy of The Superheater Co., L td ., 195, S trand, 

W .C .2. “  Superheat E ngineering D a ta .”  —  This is a very 
useful handbook, containing in a compact form a g rea t varie ty  
of inform ation on the subject of superheated steam, and many 
tables are included, w ith  curves and graphs, showing the effects 
of superheat upon consumption and efficiency, radiation losses, 
steam velocities, pipe areas and diam eters, etc., in addition to 
several useful tables of w eights and measures and sim ilar 
general inform ation. The book is also useful for its illustra 
tions of the many varieties of w ater tube boilers now in use, 
most of them variants of the three well-known parent types of



BOOKS A D D ED  TO T H E  L IB R A R Y . 61
Yarrow, Babcock and W ilcox, and S tirling , which have, it 
appears, generated a num erous progeny, distinguished by a 
g rea t num ber of different names, but still bearing a very strong 
resem blance to their progenitors. The book is published at 
5 /-  and is very good value for anyone concerned w ith  h igh 
pressure or superheated steam  installations.

“  B ulk  Cargoes. ”  By A. C. H ardy, B .Sc., A .M .Inst.N .A ., 
A .M .I.M ar.E . London, Chapman and H all, L td ., 11, H en
rie tta  S treet, W .C .2. 21 /- net.— This volume is not w ritten  
so much for the m arine engineer as for the  naval architect and 
the superintendent, bu t it will have for all engineers the a ttrac 
tion of a book w ritten  by a man who knows his subject. The 
various types of cargoes are dealt w ith  adequately, their 
methods of loading, stowage and discharge are clearly ex
plained and illustrated , and the various forms of ship construc
tion which have been evolved to carry them  m ost efficiently 
are described, w ith draw ings. N ot the least am ong the a ttrac 
tions of th is book are the  stout paper, the excellent illustra 
tions, the fine clear type, and the really good E nglish  which 
the au thor commands. I f  m arine engineers do not feel th a t 
the subject is sufficiently close to their proper sphere to w arrant 
the study of this book, we can still recommend him to obtain it 
for its accuracy, its general in terest to all sea-faring officers, 
and for the a ttractions above m entioned.

The Appendix I . ,  dealing w ith  casualties to colliers during 
the years 1922, 1923 and 1924 will serve to rem ind m any of the 
grave dangers which attend the carriage of bulk cargoes w ith 
out adequate precautions, and Appendix I I .  gives a copy of 
the “  Second R eport of the Inform al Committee on Coal C arry
ing V essels”  of A pril 10th, 1924, which will be found both 
in teresting  and instructive by all who go down to the sea in 
ships.

“ R e e d ’s M achine  D ra w in g  for  M a r in e  E n g in e e r s . ”  By
H . H. R. Daish, John F orrest and Joseph II. Sword, E x tra  1st 
Class E n g in e e rs , of the M arine  School of South Shields. 
Sunderland, Thos. Reed & Co., L td ., 184, H igh  S treet, W . 
10/- ne t.— This is the first work of its kind th a t we have seen 
since the method of draw ing from perspective illustrations was 
introduced by the Chief Exam iner of E ngineers at the Board 
of Trade Exam ination . There can be no doubt th a t th is 
m ethod is of g reat value to m arine engineers who have not had 
the necessary draw ing office experience, for we have known of 
cases of m arine engineers who could understand and reproduce
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n draw ing already made, but who could not produce a w orking 
draw ing of a part of an engine or boiler when repairs or re
newals have been required. The new method of p reparing a 
working drawing from  a perspective or pictorial representation 
is, of course, much better tra in ing  for those who are required 
to make a sketch of an object already in existence, as d istinct 
from the draughtsm an who first designs the object, and who 
has no model but his own conception.

The book under review is designed to teach the new' method 
and we th ink  it is very well designed to th a t end. The pre
lim inary chapter on the principles of projection is very well 
arranged and will be of g reat assistance to the student. The 
drawings represent a wide range of subjects, including some of 
the more difficult examples. They are produced in an excellent 
m anner and adequately explained. W e very w illingly recom
mend this work to all young men desirous of m astering the 
principles of draw ing as required for the Board of Trade 
Exam inations.

---------o---------
Election of Members.

L ist of those elected at Council M eeting of June 14th, 1926.
Members.

Francis Allan, c/o Nielson and Malcolm, Hankow , China. 
H arold Southwell Caswell. H arbour E ngineers’ Dept., 

Colombo P ort Commission, Colombo, Ceylon.
W illiam  Sharp Cobb, 75, Dacre Road, TJpton Manor, E.13.
B enjam in Harold Davison, “ Tyneside,” Ifield Road, Crawley, 

Sussex.
John Paris Duguid, 8, Spring S treet, Sydney, N .S .W .
H enry McKie, c/o T. M urray, 50, Kent Road, Glasgow.
Philip  A rthur P ickett, 26, P ark  S treet, Southwark, S .E .l.
Thomas W illiam  Rose, Chief E ngineer, Sunnyside M ental 

H ospital, Christchurch, N.Z.
R obert Drayton Thrower, C.S. “ Lady D enison-Pender,”  c/o 

E astern  Telegraph Co., L td ., Zanzibar.
R ichard John W olfe, 8, Richmond Road, Cardiff.
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Associate.

Frederick  Samuel M argrie, Church Villa, Aust, N r. B ristol.
Graduate.

R obert Milne M urray, 76, Grosvenor Road, Ilford , Essex.
Transferred from Graduate to Member.

Janies W . Campbell, 37, Forest Drive E ast, Leytonstone, E . l l .
Transferred from  Associate to Associate-Member.

D. W . Freem antle, 102, Hum ber Road, S .E .3.



J as. G ir v in , one of our early members, who gave bis name 
in the w inter of 1888, while the In s titu te  was in course of 
form ation, died at Carrickfergus on June 7th, to the great 
reg re t of those who were associated w ith him and by whom he 
was highly esteemed.

He was born a t C arrickfergus on January  9th, 1837, received 
his education a t a local school, then served his apprenticeship 
in W alk er’s Textile and Spinning W orks and in Coombes’ 
W orks, Belfast. Subsequently he served in A. & J . In g lis ’ 
Engine W orks, Glasgow, then went to sea in the days when 
the boiler pressure was about 20 lbs.

A fter gain ing sufficient experience he joined the B ritish  
Ind ia  S.N . Co. in September, 1867 as Chief E ngineer of the 
Dacca. He served in other steamers of the Company, includ
ing the Quetta, which he left the voyage before she was lost 
off the Queensland coast in 1889, when all the engineers held 
on to their duty in the engine-room and were drowned. Mr. 
Girvin retired  in January , 1906, after nearly 40 years faithful 
service in the Company. He was unm arried and his niece 
attended to his welfare during his re tirem ent.
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